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phosphates  and  silicates  of  the  soil,  setting  free  the  phosphoric  acid, 
potash,  lime,  and  magnesia  compounds  without  which  no  plant  is  able 
to  mature  its  fruit. 

(3)  They  carry  atmospheric  nitrogen  into  the  soil,  and  thus  help 
replace  the  nitrogen  which  is  constantly  running  to  waste  in  the  drain- 
age waters  or  escaping  back  into  the  air. 

(4)  Coming  from  the  warm  air  and  soaking  through  the  hot  surface, 
they  carry  deeper  into  the  soil-  the  warmth  which  makes  the  root  action 
of  plants  more  powerful,  cause  the  phosphates  and  i)otash  to  be  dis- 
solved more  readily,  and  greatly  stimulate  the  production  of  available 
nitrogen  compounds  by  the  microscopic  organisms  which  abound  in  the 
soil. 

(5)  Then,  again,  rains,  as  already  explained,  carry  small  amounts  of 
nitrogen  compounds  with  them  to  the  soil,  and  most  natural  irrigation 
waters,  in  addition,  contain  some  potash,  phosphoric  acid,  and  consider- 
able quantities  of  lime,  magnesia,  and  sulphuric  acid. 

It  is  not  strange,  therefore,  that  an  abundance  of  warm,  sweet  water 
applied  to  fields  at  opportune  times  and  retained  there  by  judicious  and 
thorough  tillage  enables  even  poor  soils  to  bring  forth  large  yields. 

It  is  the  possibility  of  supplying  an  abundance  of  water  to  the  soil  at 
the  right  time  which  makes  irrigation  farming  so  much  more  certain 
and  the  average  yields  so  much  larger  than  obtain  under  the  ordinar7 
conditions  and  methods  of  humid  climates. 

The  plant  feeding  and  growing  in  the  soil  is  like  the  animal  comi 
to  maturity  and  fattening  in  the  stable — it  can  not  at  any  stage  rece; 
a  serious  check  to  its  growth  and  come  out  at  the  end  of  the  seae 
with  that  vigor  and  total  product  which  result  where  no  hindra* 
intervenes. 

Just  as  soon  as  the  amount  of  soil  moisture  in  the  surface  foot 
crop-bearing  field  falls  below  a  certain  percentage,  the  soil's  abi) 
supply  food  is  decreased  and  the  growing  crop  soon  reaches  a 
where  it  is  not  furnished  with  plant  food  as  fast  as  it  demands : 
inevitable  result  being  a  diminished  rate  of  growth  and  ol^ 
starvation. 

THE    RAINFALL    OF    THE    OBOWINO    SEASON  IN  THE  TJHITBD 

IS  INSUFFICIENT  FOR  MAXIMUM   TIELDS. 

Those  seasons  are  very  rare  indeed  in  most  parts  of  the  Unit 
which  bring  to  the  soil  a  supply  of  rain  adequate  to  pennit  ' 
mum  amount  of  plant  food  to  be  elaborated  in  it  or  to  be  no 
it  by  growing  crops. 

It  is  almost  invariably  true  that  as  a  crop  advances  towati 
its  spread  of  leaf  surface  becomes  so  great  that  the  loss  of  ' 
the  surface  soil  through  the  plant  is  much  more  rapid  tha^ 
water  from  below  and  the  fall  of  rains  from  above  are  able  t 
result  being  a  reduction  of  the  rate  of  plant  growth. 


The  writer  has  succeeded  in  growing,  under  field  conditions,  on  one- 
eighteenth  of  an  acre^  more  than  14.5  tons  of  water-free  substance  in 
flint  corn  and  83.5  bushels  of  kiln  dried  shelled  corn  per  acre  by  sup- 
plying all  the  water  which  the  plants  could  use  and  at  the  right  time. 
Under  similar  conditions  common  red  clover  yielded  over  4  tons  of  hay 
in  the  first  crop.  The  second  crop  on  the  same  land  exceeded  2  tons 
per  acre,  while  the  third  growth  was  heavy  and  6  to  8  inches  high.  It 
should  be  said,  too,  that  these  results  were  obtained  without  the  aid  of 
manure  or  fertilizers  of  any  sort,  that  the  water  used  was  pumped  from 
an  ordinary  lake,  and  that  the  land  was  a  clay  soil  in  only  fair  condition. 

Potatoes  have  been  grown  in  pots  holding  500  to  600  pounds  of  soil, 
so  arranged  that  they  could  be  weighed  at  any  time  and  an  exact 
knowledge  of  the  amount  of  soil  moisture  present  ascertained;  and 
yields  as  high  as  695  bushels  of  tubers  to  the  acre  have  been  secured, 
using  24  inches  of  water,  which  is  more  than  falls  during  the  growing 
season  of  this  crop  in  Wisconsin.  Flint  corn  under  similar  conditions 
was  made  to  produce  at  the  rate  of  17J  tons  of  water-free  substance 
per  acre;  but  to  do  this  it  required  34^  inches  of  water,  an  amount 
which  more  than  equals  the  mean  rainfall  for  the  whole  year;  and  it  is 
certain  that  had  a  less  quantity  of  water  been  used  the  crop  would 
have  been  smaUer. 

WATER  ONLY  ONE   OF  THE   NECESSARY   PLANT   FOODS. 

It  is  not  at  all  strange  that  the  ancient  Egyptian  and  Grecian  phi- 
losophers, with  their  lack  of  exact  knowledge  and  under  their  arid 
climatic  conditions,  should  have  come  to  believe  that  water  is  the  sole 
food  of  plants;  nor  that  this  opinion  should  have  been  held  until  nearly 
the  beginning  of  the  eighteenth  century.  As  a  matter  of  fact,  water 
does  contribute  more  than  half  of  the  material  which  makes  up  the  dry 
matter  of  plants,  and  as  water  it  constitutes  from  three-fourths  to  more 
than  nine  tenths  of  their  green  weight. 

But  while  these  are  the  facts,  and  while  it  is  true  that  abundant  and 
timely  rains  do  make  comparatively  poor  soils  produce  large  yields,  it 
must  not  be  inferred  that  with  ample  and  timely  supplies  of  water 
applied  to  the  soil,  all  else  may  be  neglected  and  the  hope  entertained 
that  any  agricultural  sojl  will  thus  be  held  up  to  a  high  state  of  pro- 
ductiveness for  an  indefinite  term  of  years. 

It  is  a  matter  of  universal  experience  that  sewage  waters,  not  contam- 
inated with  poisonous  compounds  and  not  too  concentrated,  cause  land 
to  give  much  larger  returns  than  river,  lake,  or  weir  water.  The  writer 
learned,  while  visiting  the  celebrated  Craigentinny  meadows  near 
Edinburgh,  that  the  purchasers  of  the  grass  from  those  lands  are  very 
particular  to  specify,  as  a  condition  of  their  purchase,  that  their  grass 
shall  be  watered  with  the  day  sewage,  which  contains  a  higher  percent- 
age of  soluble  and  suspended  organic  matter  than  that  of  the  night:,  and. 
they  are  also  particular  to  stipulate  tlv«it»  \Xi<^^  ^vIS^Xl^j^^^^^'^^'^^^^^ 


than  the  second  or  third  ase  of  the  water,  knowing  that  water  which 
has  passed  over  a  cultivated  field  or  meadow  hiis  lost  something  of  its 
fertilizing  value. 

It  is  claimed  also  by  the  owners  and  renters  of  water  meadows  in  the 
south  of  Kngland,  where  the  irrigation  is  directly  from  the  streams, 
that  that  huid  which  received  the  water  first  was  most  benefited  by  it. 
It  is  true  that  there  are  those  who  claim  that  on  their  lands  the  second 
and  third  waters  are  as  good  as  the  first,  but  this  is  probably  due  to 
the  prcseiHte  in  those  particular  soils  of  an  abundance  of  the  substances 
carried  by  the  waters. 

It  is  impossible  to  overestimate  the  importance  of  water  as  a  plant 
food.  It  is  indispensable,  and  is  used  more  than  any  other  substance. 
It  must  be  borne  in  mind,  however,  that  water  is  not  usually  a  complete 
plant  food. 

ADVANTAGES   AND   DISADVANTAGES  OF   IRRIGATION   IN   HUMID 

CLIMATES. 

Where  irrigation  waters  can  be  economically  applied  to  lands  it  has 
some  important  advantages  in  crop  production  over  the  natural  rain- 
fall, even  where  that  is  large.  In  the  first  place,  irrigation  waters  can 
be  applied  at  such  times  and  in  such  quantities  as  they  are  neede<l,  and 
this  gives  a  certainty  to  results  which  is  impossible  where  the  outcome 
must  depend  upon  the  chances  of  adequate  or  inade<iuate,  timely  or 
untimely,  rainfall. 

Where  the  natural  rainfall  must  be  depended  ujwn  it  is  imperative 
that  only  so  many  plants  be  allowed  to  occupy  the  soil  as  are  likely  not 
to  increase  the  loss  of  soil  moisture  beyond  what  the  rains  and  tillage 
will  make  good,  whereas  by  Irrigation  methods  the  closeness  of  stand 
upon  the  ground  is  limited  only  by  the  demands  for  root  room,  air,  and 
sunshine.  Since  many  more  plants  can  be  grown  upon  an  acre  by 
irrigation  than  otherwise,  the  yield  will  be  much  larger;  because,  no 
matter  how  much  we  may  crowd  a  plant  by  feeding,  there  are  inherited 
limits  of  stature  beyond  which  we  may  not  hope  to  pass,  and  a  few 
plants,  even  if  of  abnormal  proportions,  can  never  ecjual  in  aggregate 
yield  a  large  number  of  individuals  of  normal  stature. 

Then,  too,  waters  used  for  irrigation  contain  almost  without  excep- 
tion much  larger  percentages  of  both  the  organic  and  the  ash  ingredi- 
ents of  plant  food  than  rain  waters  do,  and,  as  this  is  largely  in  the 
soluble  form,  it  becomes  at  once  available,  and  thus  stimulates  vigorous 
growth. 

Setting  matters  of  expense  aside  in  this  consideration,  there  are  dis- 
advantages and  dangers  attending  irrigation  in  humid  climates  which 
should  not  be  lost  sight  of  by  those  who  are  thinking  of  adopting  this 
practice. 

It  not  infrequently  happens  in  arid  countries  that  inexperienced  men 
apply  so  much  water  that  the  soil  is  waterlogged  and  the  crops  tigared 


or  destroyed.  In  humid  climates  there  is  the  additional  danger  of 
heavy  or  protracted  rains  following  immediately  upon  the  thorough 
irrigation  of  a  field.  From  this  it  follows  that  all  lauds  in  humid 
climates  intended  for  irrigation'  must  be  thoroughly  drained,  either 
naturally  or  by  artificial  methods. 

.  It  may  be  said,  however,  that  the  danger  of  water-logging  soils  by 
irrigation  is  not  as  much  greater  in  humid  than  in  arid  regions  as  many 
appear  to  think.  On  account  of  the  tendency  of  all  heavy  soils  to  pud- 
dle and  bake  after  they  have  be^n  thoroughly  saturated  with  water,  and 
because  the  surface  soils  are  inevitably  brought  into  this  condition  on 
considerable  portions  of  the  field — if  not  over  its  whole  area — where  irri- 
gation is  practiced,  while  this  only  rarely  occurs  after  natural  rainfalls, 
it  follows  that  in  this  respect  irrigation  waters  are  not  as  good  as  the 
natural  rains.  Where  the  soils  are  sandy  and  light,  however,  the 
danger  in  this  direction  is  greatly  reduced  or  entirely  disappears. 

While  the  amount  of  water  available  for  purposes  of  irrigation  in 
humid  climates  is  much  larger  than  it  is  in  arid  regions,  there  is,  tiever- 
theless,  not  enough  to  irrigate  all  farming  lands  were  that  desirable, 
and  while  it  is  true  that  thorough  and  careful  irrigation  in  most  parts 
of  the  United*States  east  of  the  o)ie  hundredth  meridian  would  more  than 
double  the  average  yield  per  acre  of  almost  all  crops  now  raised,  it  can 
not  be  said  that  the  time  has  yet  come  when  it  is  desirable  to  use  all 
available  water  for  purposes  of  irrigation. 

We  are  yet  a  long  way  from  having  exhausted  our  resources  in  the 
direction  of  improved  methods  of  tillage  which  shall  conserve  and  turn 
to  better  account  the  waters  which  fall  as  rain.  Moreover,  the  density 
of  population  is  not  yet  great  enough  to  consume  the  increased  product 
which  would  result  from  thorough  irrigation  to  the  extent  which  the 
available  water  would  permit. 

But  while  the  time  is  not  ripe  for  the  Middle,  Eastern,  and  Southern 
States  to  apply  methods  of  irrigation  in  any  general  way  or  on  an 
extensive  scale,  we  have,  nevertheless,  reached  a  point  where  a  very 
large  number  of  people  who  are  favorably  situated  with  reference  to 
water,  soil,  and  market  can  well  aftbrd  to  tbink  about  developing  irri- 
gation plants  upon  their  lands,  and  this  is  especially  true  if  the  farm 
is  not  large  enough  to  fully  occupy  the  available  time  and  energies  of 
its  owners  by  the  ordinary  methods. 

EXTENT   OF   IRRIGATION   IN   THE   HUMID   PARTS  OF  EUROPE. 

The  writer  had  an  opportunity  in  the  summer  of  1895  to  visit  and 
study  irrigation  districts  in  various  parts  of  Scotland,  England,  France, 
Italy,  Switzerland,  Germany,  Holland,  and  Belgium.  While  it  can  not 
be  said  that  the  art  of  irrigation  is  practiced  generally  in  any  sections 
of  Europe  except  near  the  borders  of  the  Mediterranean  Sea,  yet  the 
total  acreage  is  large.    Wilson,^  in  speaking  of  the  extent  oC  vtxx^jsiwvss^. 


^  ManuaV  oi  ltT\^«A.\oi\.,  v  •'^^ 
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places  the  acreage  of  Italy  at  3,700,000,  wbich  is  approximately  1  acre 
in  every  16  of  the  total  area.  In  Spain-  500,000  acres  are  said  to  be 
irrigated,  and  in  France  400,000  acres,  which,  in  round  numbers,  is  1 
acre  to  every  246  in  Spain  and  1  in  every  321  in  France.  The  writer 
ha«  not  access  to  the  literature  which  would  enable  him  to  verify  these 
statements,  and,  judging  from  impressions  gained  while  traveling,  they 
seem  too  high ;  but,  however  this  may  be,  there  is  without  doubt  a  very 
large  acreage  of  irrigated  lands  in  these  countries. 

THE  RAINFALL  OP  EUBOPE  AND  THE   EASTERN   UNITED  STATES 

COMPARED. 

If  we  compare  the  rainfall  of  Europe,  exclusive  of  Russia,  with  that 
of  the  United  States  east  of  and  including  Minnesota,  Iowa,  Missouri, 
and  Arkansas,  we  shall  find  that  Europe  has  a  mean  precipitation  rang- 
ing from  24  to  40  inches,  and  that  the  portion  of  the  United  States  in 
question  hp«  a  rainfall  ranging  from  26  to  55  inches.  Eastward  from 
and  including  Michigan  and  Indiana  the  precipitation  for  the  year 
amounts  to  from  nearly  36  to  50  inches,  while  south  of  Tennessee  and 
North  Carolina  it  ranges  from  43  to  67  inches.  It  is  true  that  in  the 
Pyrenees  and  in  the  Alps  and  on  the  coast  of  Norway  the  yearly  pre- 
cipitation is  greater  than  that  stated  above,  but  with  these  exceptions 
the  total  rainfall  of  western  and  southern  Europe  is  very  materially  less 
than  that  of  the  eastern  United  States,  the  difiference  ranging  from  2 
inches  to  more  than  16  inches  per  annum. 

It  should  be  stated,  too,  in  connection  with  this  larger  rainfall  in  the 
United  States  as  compared  with  that  of  Europe,  that  the  seasonal  dis* 
tribution  with  us  is  unusually  favorable  to  crop  production,  for  we  get  the 
least  in  the  three  winter  months  and  the  most  in  the  three  summer 
mouths,  when  there  is  greatest  need  for  it. 

The  seasonal  precipitation  in  the  humid  portion  of  the  United  States 
is  approximately  as  follows:  For  the  three  winter  months  it  ranges 
from  3.5  inches  in  the  West  to  18  inches  in  the  East  or  South;  in  the 
spring  the  range  is  from  8.5  inches  to  *J2  inches;  in  summer  from  11 
inches  to  24  inches,  and  in  autumn  the  range  is  from  6  inches  in  the 
West  to  20  inches  in  the  South  and  East. 

It  would  appear  from  what  has  been  said  regarding  the  differencer 
between  the  rainfall  in  the  United  States  and  that  in  Europe  thatther 
will  be  less  occasion  to  irrigate  here  than  there,  and  this,  in  a  consi 
erable  measure,  is  true,  especially  when  reference  is  had  to  the  Atlant 
and  Gulf  States. 

It  must  be  borne  in  mind,  however,  that  while  our  total  rainfal 
larger  than  that  of  Europe  our  mean  summer  temperature  and  t 
amount  of  sunshine  are  both  higher,  and  the  air,  as  a  rule,  is  also 
moist,  and  that  under  these  conditions  the  water  is  lost  more  ra 
by  evaporation  than  under  the  conditions  which  prevail  in  the  gi 
part  of  Europe. 


In  Italy,  where  irrigation  is  most  generally  and  systematically  prac- 
ticedy  the  mean  annual  rainfall  is  about  37  inches,  and  of  this  amount 
28  inches  fall  during  the  seven  months  which  are  suited  to  irrigation. 

THE  CHARACTER  AND   ANTIQUITY  OP  EUROPEAN  IRRIGATION. 

If  we  leave  out  of  view  sewage  irrigation  as  practiced  in  the  vicinity 
of  large  cities,  it  must  be  said  that  north  of  Italy  and  southern  France 
nearly  the  whole  of  irrigation  efibrt  is  devoted  to  raising  hay  and  grass 
for  soiling  and  pasture.  This  is  particularly  true  of  England,  Holland, 
and  portions  of  Germany  and  of  the  mountainous  p^rts  of  France  and 
Switzerland.  It  should  also  be  noted  here  that  in  those  Alpine  dis- 
tricts where  the  rainfall  is  largest  irrigation  is  most  general,  not 
because  it  is  most  needed  there,  but  because  it  is  more  readily  and 
cheaply  secured  than  elsewhere,  and  because  it  pays. 

In  the  south  of  France  irrigation  is  extensively  applied  to  olive  and 
almond  orchards,  and  the  same  is  true  of  parts  of  Italy.  In  the  Po 
Valley,  naturally  fertile  but  made  more  so  by  thorough  and  very  sys- 
tematic irrigation,  water  is  artificially  applied  to  almost  all  crops. 
Corn  is  here  very  extensively  raised  by  irrigation.  To  convey  some 
idea  of  the  extent  of  this  work,  it  may  be  stated  that  on  August  7, 1895, 
while  riding  from  Turin  to  Milan,  the  writer  noted  between  Ghivasso 
and  Santhia,  a  distance  of  18.5  miles,  the  irrigation  of  100  fields  of 
maize,  ranging  in  size  all  the  way  from  4  to  20  acres.  Wheat, 
barley,  rice,  and  hemp,  as  well  as  rye  grass  and  clover,  are  among  the 
ordinary  field  crops  which  are  extensively  irrigated  in  the  Po  Valley. 
So,  too,  very  extensive  mulberry  orchards  are  grown,  the  trees  usually 
being  set  along  the  main  and  distributing  canals,  while  the  space 
between  them  is  occupied  by  various  kinds  of  farm  crops. 

The  art  of  irrigation  as  practiced  in  European  countries  is  not  new. 
Two  large  canals  in  Lombardy  which  irrigate  250,000  acres  were  dug  as 
long  ago.  Marsh  tells  us,  as  the  twelfth  century,  while  earlier  still, 
at  the  time  of  the  invasion  of  the  Moors,  very  extensive  systems  of 
irrigation  were  introduced  into  Spain  and  southern  France. 

In  England,  too,  the  water  meadows  are  so  old  that  no  one  appears 
to  know  by  what  people  they  were  introduced.  Indeed,  the  present 
occupants  of  these  lands  speak  of  them  as  having  always  been  irrigated 
in  this  manner. 

It  will  be  evident,  therefore,  from  thqse  facts,  that  irrigation  under 
the  climatic  conditions  of  Europe  must  possess  some  substantial  merits 
or  it  would  not  have  persisted  through  all  these  years;  and  since  it  has 
been  so  extensively  developed  under  the  humid  conditions  of  Europe, 
there  seems  little  reason  to  doubt  that  irrigation  may  be  found  remuner- 
ative within  suitable  limitations  in  that  part  of  this  country  lying  east 
of  the  one  hundredth  meridian. 
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FERTILIZING  VALUB  OF  IRRIGATION  WATERS. 

In  traveling  from  place  to  place  in  £arope  it  was  a  continual  surprise 
to  the  writer  to  learn  from  those  who  were  practicing  irrigation  that 
the  fertility  which  the  river  waters  adde<l  to  the  soil  was  regarded  as 
the  chief  advantage  derived  from  them ;  and  so  thoroughly  grounded 
is  this  idea  in  many  places  that  large  volumes  of  water  are  run  over 
the  land  during  the  winter  season  or  whenever  it  is  not  occupied  by  a 
crop.  Indeed,  on  the  water  meadows  of  England  it  is  the  practice  to 
have  the  water  running  over  them  just  as  much  as  i>oHsil>le,  and  it  is 
claimed  that  the  longer  it  can  be  kept  running  during  the  winter,  when 
the  weather  is  not  too  frosty,  the  larger  will  be  the  crop  of  grass  the 
following  season. 

As  an  example  of  the  amounts  and  kinds  of  material  which  would  be 
added  to  an  a(Te  of  land  where  exceptionally  pure  river  water  is  used 
to  a  depth  of  24  inches,  we  have  calculated  from  a  chemical  analysis  of 
the  water  of  the  Delaware  River*  as  follows: 

MaUriaU  in  24  ucre-inchea  of  Delaware  Hirer  water, 

Poundfl. 
Calcium  carbonate 242. 60 

Magnesium  carbonate 166. 16 

Potassium  carbonate 31. 74 

Sodium  chlorid 20. 54 

Potassium  chlorid 1. 86 

Lime  sulphate 35. 48 

Limo  phosphate 26. 14 

Silica 93.34 

Ferric  oxid 5.60 

Organic  matter  containing  ammonin 117. 62 

Total 741.08 

The  average  amounts  of  nitrojL^en  compcmnds,  as  computed  from  the 
chemical  analyses  of  the  waters  of  twelve  streams  in  New  Jersey,  are 
as  follows : 

Nitrogen  compounds  in  i24  arre-inchcH  of  water  from  Xew  Jersey  rivers. 

Pounds. 

Free  ammonia 15. 63 

Albuminoid  anunonia 81. 12 

Nitrates 772. 67 

Nitrites 0.86 

Total 870.28 

When  it  is  observed  that  these  analyses  were  all  made  from  streamfc* 
where  the  water  is  regarded  as  pure,  it  is  plain  that  there  is  a  consid 
erable  foundation  for  the  opinion  held  in  European  countries  regardir 
the  fertilizing  of  lands  by  irrigation. 

In  further  illustration  of  the  fertilizing  value  of  the  water  of  riv« 
in  humid  climates,*  it  may  be  said  that  the  amount  of  materials  held 
solution  in  the  waters  of  the  Mississippi  and  St.  Lawrence  rivers, 

>  Rpt.  New  Jersey  Gool.  iSur\'oy,  1868,  p.  102. 
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Nortb  America,  and  the  Amazon  and  La  Plata,  in  South  America,  is 
such  that  the  average  of  the  four  would  yield  C55.6  pounds  of  sohd 
matter  for  every  24  acre  inches. 

Goss  and  Hare*  found  from  analyses  of  the  water  of  the  Rio  Qrande 
at  different  periods  from  June  1  to  October  31  that  24  acre  inches  of 
the  water  added  to  the  soil  (in  sediment  and  water)  about  1,075  pounds 
of  potash,  116  pounds  of  phosphoric  acid,  and  107  pounds  of  nitrogen. 
The  water  of  this  river  is  unusually  rich  m  sediment,  2  acre-feet 
furnishing  81,309  pounds. 

Where  lake  waters  are  used  for  irrigation  larger  amounts  of  fertiliz- 
ing materials  will  usually  be  applied  to  the  land  than  in  the  case  of 
river  waters,  because  in  the  lakes  the  salts  are  concentrated  by  evapo- 
ration. 

Where  there  are  such  considerable  quantities  of  plant  food  dissolved 
m  river  waters  as  the  figures  cited  show,  it  must  be  evident  that  the 
fertilizing  value  of  such  waters  is  not  inconsiderable.  It  is  more 
valuable,  too,  pound  for  pound,  than  solid  commercial  fertilizers  which 
we  buy,  because  it  is  already  in  solution  and  ready  to  be  taken  up 
immediately  and  by  all  rather  than  a  few  roots  of  a  crop  to  which  the 
water  is  applied. 

The  water  meadows  of  England  have  been  in  constant  service  as 
such,  without  rotation,  and  without  the  application  of  barnyard  manure 
or  commercial  fertilizers  of  any  kind,  from  time  out  of  mind,  perhaps 
during  150  or  possibly  300  or  500  years,  and  yet  they  are  said  to  be  as 
productive  to-day  as  they  ever  were.  Sometimes  the  meadows  are 
pastured  by  sheep  being  hurdled  upon  them  very  early  in  the  spring 
before  there  is  danger  of  fluke  rot,  and  by  cattle  late  in  the  fall,  but 
except  this  the  products  of  the  land  are  yearly  taken  from  them  and 
never  returned  in  the  form  of  manure. 

As  a  matter  of  fact,  these  water  meadows  are  made  to  catch  and  fix 
again,  and  at  once,  the  nitrates,  potash,  and  phosphoric  acid  which  are 
carried  by  the  drainage  waters  from  the  higher  lands,  converting  them 
into  rich  grass,  which  is  fed  to  sheep  and  cattle,  producing  flesh  and 
milk  for  the  market  or  manure  which  is  spread  upon  the  higher  lands. 

It  should  be  kept  in  mind,  however,  that  the  amount  of  water  applied 
to  these  meadows  is  very  large,  probably  each  season  many  times  the 
24  acre-inches  which  we  have  used  in  the  above  estimate  of  the  amounts 
of  plant  food  which  irrigation  waters  carry,  and  it  is  in  this  way  that 
their  high  state  of  productiveness  is  maintained. 

All  farmers  who  own  these  lands  esteem  them  very  highly  because 

(1)  they  are  able  to  water  them  far  more  cheaply  than  they  can  haul 
manure  upon  them,  even  if  it  cost  them  nothing  more  than  the  hauling; 

(2)  they  are  absolutely  certain  of  a  known  amount  of  feed,  and  (3) 
with  20  or  40  acres  of  such  land  they  are  able  to  maintain  a  high  state 
of  productiveness  on  their  unirrigated  lands  through  the  use  of  the 
manure  made  from  the  product  of  the  meado^%. 


'  New  Mexico  SjIjw.  B\i\.  Vi. 
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LINES  ALONG  WHICH  IBBIOATION  SHOULD  FIRST  DEVELOP. 

It  has  been  pointed  out  that  the  time  has  not  yet  arrived  for  a  ftiU 

;ilization  of  the  water  resources  of  the  eastern  United  States  for  pur* 

OSes  of  irrigation.    There  are  certain  lines,  however,  along  which  labor 

,ud  capital  may  be  profitably  invested,  and  some  of  these  may  now  be 

nentioned  : 

(1)  Tlie  kitchen  garden. — There  is  no  more  important  adjunct  of  the 
country  home  than  the  kitchen  garden,  nor  can  there  be  any  question 
about  the  desirability  of  managing  it  in  such  a  way  that  a  high  degree 
of  productiveness  shall  be  insured  whether  the  season  be  wet  or  dry. 
The  health  of  the  family  demands  this,  and  the  housewife  who  must 
plan  for  and  secure  the  needed  variety  in  three  times  365  meals  in  the 
year  should  be  expected  to  accept  nothing  less. 

The  only  way  to  make  these  gardens  a  certainty  in  a  very  large  part 
of  even  the  humid  portion *bf  the  United  States  is  to  apply  irrigation 
to  them.  As  these  gardens  should  range  from  one  fourth  of  an  ac*re  to 
an  acre  and  a  half  in  area,  the  aggregate  amount  of  land  thus  treated 
would  be  very  large. 

(2)  Market  gardening. — This  is  an  industry  in  which  a  large  income 
is  expected  from  a  small  area,  and  because  of  this  it  is  one  u{)on  which 
larger  expenditures  per  a<!re  are  permissible,  and  in  which  curtailment 
of  yield  or  injury  to  quality  through  drought  is  most  disastrous.  It  is 
therefore  a  type  of  plant  husbandry  eminently  suited  to  irrigation  in 
humid  climates. 

(3)  Small-fruit  culture. — Strawberries,  raspberries,  and  blackberriea 
are  all  extremely  sensitive  to  drought  and  much  reduced  in  yield  by  a 
shortage  in  soil  moisture,  while  the  value  of  the  crop  per  acre  is  so 
large  that  irrigation  may  be  practiced  with  advantage  where  the  rain- 
fall of  early  summer  or  the  capacity  of  soil  to  hold  water  is  small. 

(4)  Cranberry  eulture.—There  is  perhaps  no  crop  raised  in  bamid 
climates  where  the  water  conditions  need  to  be  under  such  complete 
control  as  for  cranberries.    Where  the  winters  are  severe  the  vines 
need  to  be  largely  submerged  in  water  and  so  held  until  the  killinf 
frosts  of  spring  are  passed.    Then  it  not  infrequently  happens  thr 
the  vines  must  be  flooded  to  avert  the  ravages  of  insects,  or  as  a  pf 
tection  against  frosts  at  or  just  before  the  time  of  harvest.    It  v 
therefore  be  said   that  thoroughly  successful  cranberry  enltnr 
impossible  where  an  abundance  of  water  is  not  at  command. 

(5)  Dairy  husbandry. — Where  the  price  of  both  lands  and  mil 
high  and  where  an  abundance  of  water  can  be  had  at  a  low  cost,  ca 
may  find  remunerative  investment  in  tlie  development  of  water  mer 
and  in  the  production  of  corn  for  the  silo  and  for  soiling;  for  d 
thorough  and  judiciously  applied  system  of  irrigation  the  bw 
coarse  feed  may  be  so  much  increased  that  the  number  of  cows 
noon  the  land  may  be  doubled. 
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ULNDB  BEST  SUITED  TO  IBBIGATION  IN  HUMID  CLIMATES. 

The  lands  best  suited  to  irrigation  are  those  to  which  the  water  may 
be  carried  in  large  quantities  by  gravity  and  over  relatively  short  dis- 
tances, because  these  conditions  will  usually  reduce  the  cost  of  water 
to  the  minimum.  Moreover,  the  lands  must  not  be  so  flat  that  there  is 
difficulty  in  leading  the  water  over  the  surface,  nor  so  steep  that  it  is 
difficult  to  prevent  washing.  It  is  possible  to  lead  water  over  steep 
slopes,  particularly  if  the  lands  are  in  grass,  if  proper  care  is  exercised. 

The  lighter  tyx)es  of  soil  as  a  rule  will  be  most  benefited  by  irrigation 
in  humid  climates,  not  only  because  of  the  naturally  small  water  capac- 
ity and  consequent  deficiency  of  water  supply  for  large  yields,  but 
because  such  soils  are  less  liable  to  be  seriously  injured  in  tilth  by  inju- 
dicious applications  of  water,  and  because  they  are  generally  unable, 
owing  to  their  coarser  grained  structure,  to  yield  as  large  amounts  of 
plant  food  with  the  natural  rainfall  as  the  finer  types  of  soil  are  capable 
of  giving.  It  should  bo  understood,  however,  that  the  heavier  types  of 
soil  may  be  irrigated  with  profit  where  water  is  easily  accessible  and 
where  thorough  drainage  is  readily  secured,  although  in  these  cases, 
except  when  the  lands  are  in  grass,  great  care  must  be  exercised  not  to 
puddle  the  soil  and  not  to  allow  it  to  dry  and  become  cloddy. 

WATERS  BEST  SUITED  TO  IRRIGATION. . 

It  may  be  said,  as  a  general  rule,  that  the  best  waters  for  irrigation 
are  those  having  the  highest  temperature  and  containing  the  largest 
amounts  of  suspended  and  dissolved  mineral  matter,  provided  the 
materials  carried  by  the  water  are  not  injurious  to  plant  life. 

Without  question  the  water  of  highest  value  for  irrigation  is  the  sew- 
age of  cities  when  it  is  adequately  diluted  and  when  it  does  not  contain 
I>oisonous  chemicals  from  the  waste  of  factories.  Sewage  which  is  so 
turbid  as  to  leave  a  coating  of  sediment  upon  the  land  is  liable  to  work 
injury  by  clogging  the  pores  in  the  surface  soil  and  thus  interfering  with 
its  proper  aeration ;  but  sewage  of  this  character  is  the  exception  rather 
than  the  rule. 

The  amount  of  sewage  discharged  into  streams  and  lakes  is  extremely 
large,  and  if  irrigation  in  the  humid  sections  of  the  United  States  is  to 
be  entered  upon,  it  is  important  that  attention  should  be  directed  to  the 
fact  that  the  utilization  of  sewage  for  crop  production  need  not  be  lim- 
ited to  sewage  farms,  for  a  very  large  amount  of  sewage  now  is  and  will 
continue  to  be  for  a  long  time  discharged  into  streams  and  lakes  to  run 
to  waste.  It  will  very  often  happen,  i)articularly  in  the  case  of  sewage- 
bearing  streams,  that  irrigation  plants  may  be  so  placed  as  to  utilize 
these  impure  waters  and,  other  conditions  being  equal,  those  lands 
which  can  be  irrigated  with  this  class  of  waters  will  pay  the  largest 
interest  on  the  money  invested.  In  arranging,  therefore,  to  take  the 
water  out  of  such  streams  care  should  be  taken  to  so  >^\aK^X2^^*x»^s;^^ 
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below  the  city  or  town  that  it  may  draw  npon  the  most  impure  water 
which  passes.  It  will  even  be  practicable  in  some  cases  to  divert  the 
sewage-bearing  portion  of  the  stream  to  one  side  and  thus  prevent  it 
from  becoming  unnecessarily  diluted  before  reaching  the  point  where  it 
is  to  be  used. 

Next  in  value  to  warm  sewage  waters  stand  those  which  are  muddy 
or  which  carry  in  suspension  a  large  amount  of  sediment,  and  there 
are  no  soils  uiK)n  which  such  waters  will  be  more  helpful  than  upon 
those  which  are  coarse  and  sandy,  for  in  these  cases  the  fine  silt  will 
help  to  improve  the  texture  and  greatly  increase  the  water-holding 
power.  Aside  from  this  effect  of  silt  upon  sandy  lands,  the  amount  of 
fertilizing  ingredients  which  it  contains  is  very  large,  and  hence  such 
water  is  valuable  upon  any  land  suitable  for  irrigation.  This  being 
true,  it  will  often  be  found  desirable  to  irrigate  certain  lands  in  the 
winter,  and  particularly  early  in  the  spring,  when  the  river  water  is 
turbid,  even  though  the  land  may  already  be  saturate<l  with  water. 

There  are  very  many  sections  of  country  where  the  toiM>graphy  is 
abrupt  and  hilly,  and  particularly  when  ravines  lead  through  fields, 
where  it  would  be  possible,  by  a  system  of  broad,  wattle-like  ridges 
not  high  enough  nor  abrupt  enough  to  seriously  interfere  with  tillage,  to 
so  check  the  surface  washing  of  fields  as  not  only  to  prevent  gullying, 
but  at  the  same  time  to  retain  the  water  and  the  fertility  which  would 
otherwise  pass  from  the  fields  into  the  streams. 

While,  therefore,  the  most  impure  waters  are  likely  to  ])rove  best  for 
irrigation  it  is  nevertheless  true  that  the  purest  and  softest  of  waters 
will  be.  found  very  helpful  when  used  under  favorable  conditions. 
There  are  occasionally  some  natural  waters  which  are  iM)sitively  inju- 
rious when  api)lied  to  the  land.  These  usually  issue  from  peaty  or 
hoggy  swamps.  The  injurious  properties  of  these  waters  are  due  to 
the  sulphate  of  iron  which  they  contain. 

AMOUNT  OP  WATER  NEEDED  FOR  IRRIGATION. 

The  amount  of  water  needed  for  irrigation  varies  within  wide  limits, 
being  afl'ected  by  the  climate,  weather,  kind  of  soil,  variety  of  crop, 
manner  of  application  ot  the  water,  and  by  the  character  of  cultivation 
which  the  field  receives  subsequent  to  irrigation. 

Let  us  first  consider  the  amount  needed  for  a  single  watering.  This 
must  be  determined  by  the  amount  of  water  the  soil  contains  at  the 
time  it  is  to  be  irrigated  and  by  the  amount  it  should  contain  in  orde/ 
that  plants  may  do  their  work  to  the  b(ist  advantage. 

The  maximum  capacity  of  upland  field  soils  for  water  ranges  frc 
about  18  per  cent  of  their  dry  weight  for  the  light  sandy  types  to  alK 
30  i)er  cent  for  the  heavy  clayey  varieties,  while  the  amounts  of  wai 
these  soils  should  contain  in  order  that  plants  may  thrive  in  them  h 
is  from  12  to  14  per  cent  for  the  former  and  from  18  to  20  per  cent 
the  latter.    The  growth  of  plants  will  be  seriously  checked  in  sf 
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soils  when  tbe  water  content  falls  below  8  per  cent,  and  in  heavy,  clayey 
types  when  it  falls  below  14  per  cent  of  the  dry  weight  of  the  soil. 

The  dry  weight  of  a  light  sandy  soil  and  subsoil  will  average  about 
105  pounds  per  cubic  foot,  and  the  heavy,  clayey  tyyje  about  80  x>ounds 
per  cubic  foot.  Hence  the  maximum  amount  of  water  per  cubic  foot  of 
soil  would  be  about  24  pounds  for  the  clay  and  18.9  pounds  for  the  sand. 
This  being  true,  4.6  inches  of  water  on  the  level  would  completely  satu- 
rate the  surface  foot  of  heavy  clay  soil,  were  it  entirely  dry  to  begin 
with,  while  3.6  inches  would  place  the  sandy  soil  in  a  similar  condition. 

But  since  water  should  be  applied  as  soon  as  the  water  content  of  the 
sandy  soil  falls  to  8  per  cent  and  that  of  the  clayey  soil  to  14  per  cent, 
it  follows  that  under  these  conditions  10.5  pounds  of  water,  or  2  inches, 
is  the  maximum  amount  which  would  be  needed  to  fill  the  surface  foot 
of  sandy  soil  and  12.8  pounds,  or  2.46  inches,  is  enough  to  fill  the  surface 
foot  of  clay  soil. 

If  we  consider  the  second  foot  of  soil  to  have  been  dried  out  to  a  cor- 
responding extent,  and  that  it  is  desirable  to  saturate  this  with  water 
also,  then  the  amounts  just  stated  would  need  to  be  doubled,  4  inches 
being  demanded  for  the  sandy  soil  and  4.92  inches  for  the  clayey  soil. 
It  is  quite  certain,  however,  that  such  an  application  of  water  to  a  field 
at  one  time  would  result  in  the  percolation  of  a  considerable  amount  of 
this  water  below  the  depth  of  root  action,  and  hence  in  a  considerable 
loss  of  it  unless  a  large  crop  were  growing  upon  the  land  at  the  time. 
It  appears,  therefore,  that  the  amounts  of  water  which  may  be  applied 
to  a  field  at  one  time  will  lie  between  2  and  5  inches  in  depth  over  its 
whole  surface. 

How  often  this  watering  may  need  to  be  repeated  it  is  not  possible  to 
state  in  anything  like  definite  terms,  but  practical  experience  shows 
that  as  a  rough  average  the  intervals  between  watering  where  maximum 
yields  are  sought  can  not  much  exceed  7  to  14  days,  the  time  being 
shortest  when  the  crop  is  making  its  most  vigorous  growth. 

In  experiments  at  the  Wisconsin  Station  during  1895  corn  was  irri- 
gated once  about  every  7  to  9  days,  applying  at  each  time  4.43  inches 
of  water.  The  corn,  however,  was  planted  very  thickly  upon  the  ground, 
the  rows  being  only  30  inches  apart  and  the  hills  15  inches  apart  in  the 
row,  with  from  2  to  5  stalks  in  each  hill.  The  first  irrigation  was  given 
June  26  and  the  last  August  15,  the  total  amount  of  water  applied  beiug 
26.6  inches.  The  yield  produced  was  11,125  pounds  of  water-free  sub- 
stance per  acre. 

In  the  case  of  the  water  meadows  of  Europe  very  little  attention  is 
paid  to  the  natural  rainfall,  the  irrigation  waters  being  applied  when- 
ever it  is  possible  to  do  so,  and  whatever  rains  fall  are  counted  as  so 
much  additional  gain.  It  is  true,  however,  that  on  most  lands  with 
crops  other  than  grass  attention  would  have  to  be  given  to  the  natural 
rainfall  in  the  application  of  water  by  irrigation  lest  oversaturation  of 
the  soil  and  a  positive  waste  of  water  should  occur. 
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If  it  is  regarded  that  ample  irrigatioii  has  been  provided  when  2 
inches  of  water  is  supplied  every  10  days  as  a  minimuiu  and  4  inchea 
as  a  maximum,  then  to  meet  this  demand  there  would  be  required  for 
1  acre  a  continuous  flow  of  water  at  the  rate  of  0.5042  cubic  foot,  or 
3.77  gallons,  per  minute  for  2  inches  and  1.008  cubic  feet,  or  7.54  gal- 
lons, per  minute  for  4  inches.  An  area  of  10  acres  would  reqcfire  a 
rate  of  flow  10  times  as  rapid,  or  5.04  cubic  feet  per  minute  for  the 
minimum  and  10.08  for  the  maximum. 

These  amounts  of  water  expressed  in  cubic  feet  and  in  gallons  are  as 
follows: 

Cubic  feet.       GaUom. 
For  1  acre  2  inches  deep,         7,200=      54,310 
For  1  acre  4  inches  deep,       14,520=    108,620 
For  10  acres  2  inches  deep,    72,600=    543,100 
For  10  acres  4  inches  deep,  145,200  =  1,086,200 

If  these  amounts  of  water  are  stored  in  circular  reservoirs  with 
vertical  sides  and  3  feet  deep  their  diameters  wUl  be,  respectively,  55JF 
feet,  78.6  feet,  175.5  feet,  and  248.5  feet. 

METHODS  OF  OBTAINING  WATBR  FOE  IBBIGATION. 
LEADING  OUT  WATER  FROM  STREAMS. 

The  simplest  and  most  usual  method  of  obtaining  water  for  purpof 
of  irrigation  is  to  lead  it  out  from  streams.    This  is  done  by  cuttin 
ditch  or  canal  along  the  highest  x>ortion  of  the  river  valley  over  w' 
the  water  van  be  led  in  the  direction  of  the  general  fall  or  slope  o 
country,  and  in  valleys  where  the  fall  is  large  it  is  x>ossible  to  lef 
water  ofif  to  such  distances  that  extensive  areas  may  be  thus  su 
with  water. 

HOLDING  AND  DIRECTING  STORM  WATERS. 

In  other  cases  the  storm  waters  are  utilized  before  they  ha 
time  to  reach  the  main  water  ways.    This  is  done  by  constmctii 
and  reservoirs  at  points  where  several  ravines  or  draws  join,  tl 
ing  the  water  back,  either  to  be  used  later  in  the  season  as  d 
led  out  at  once  upon  meadow  lands,  obliging  it  to  drain  t' 
flow  so  slowly  over  them  that  most  of  the  fertility,  whether  fl 
or  dissolved,  is  deposited  upon  or  in  them.    Extensive  areae 
irrigated  in  the  southwest  of  England  and  in  the  hilly  and  mr 
parts  of  France,  Switzerland,  Italy,  and  Spain. 

LEADING  OUT  THE  UNDERFLOW  FROM   HKillER  LANDS. 

There  are  many  localities,  especially  in  hilly  countries,  ar 
along  the  side  of  a  river  valley,  where  a  terrace  rises  to  f 
height  above  the  flood  plane  from  which  water  is  continuot 
oozing  from  the  ground,  and  to  such  an  extent  as  to  keep  ] 
unfit  for  agricultural  purposes.    In  many  such  cases  the 
led  out  by  underdraining  upon  lower  lands  and  stored  r 
become  warm,  and  then  applied  to  the  surface  for  irrigaf 
time  rendering  the  land  from  which  the  water  has  ber 
for  cultivation. 
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Besides  the  deeper  artesiuii  waters  Trhlch  are  available  in  maiiy  locali- 
ties for  irrigation  imriioses,  tbere  are  a  larger  number  of  localities  where 
"flowing  wells"  of  the  artesian  type  may  be  had  and  their  waters  used 
for  the  irrigation  of  amall  areae.  In  these  cases  the  water  may  often 
be  raised  to  a  height  of  several  feet  above  the  ground  and  thence  led 
away  to  where  it  would  be  valuable  for  irrigation  in  either  a  kitchen  or 
market  garden.  Often  such  wells  will  supply  the  equivalent  of  a  1-inch 
stream  flowing  4  miles  per  hour,  which  is  water  enough  to  irrigate  to  a 
depth  of  4  inches  every  IV  days  2,42  acres  of  land,  or  about  6  times  the 
area  a  3-inch  piston  with  a  12-inch  stroke  will  control  when  working  S 
hours  a  day  and  making  3U  strokes  a  minute. 


Where  the  beds  of  atrearaa  lie  below  the  level  of  the  area  which  it  is 

sired  to  irrigat*  it  becomes  necessary  to  employ  lifting  devices  of  one 


>rm  or  another  in  order  to  bring  the  water  to  a  level  at  which  it  can 

B  led  over  the  IhiuI,  and  there  have  been  inveuteti  various  devices  by 

Bliich  a  portion  of  the  energy  of  a  stream  is  turned  to  use  in  lifting 

[fther  portion  of  the  stream  to  a  height  at  which  it  may  be  utilized 

t  irrigation. 

\  Where  the  stream  is  large  in  proportion  to  the  watiiv  wVAv-Vi  \VSa 

red  to  lift,  and  whei'c  the  hciglit  t«  w\\w\\  Uw  waXCT  wi\\»v\»sj  tw.*sft. 

ai82-~So.  : 
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is  not  great,  a  very  old  device  is  the  undershot  water  wheel  provided 
with  backets  near  the  circumference.  Fig.  1  represents  a  wheel  of  this 
kind  much  used  in  Bavaria  on  the  river  Regnitz,  a  branch  of  the  Main, 
where  the  writer  counted  no  less  than  20  in  a  distance  of  1^  to  1^  miles. 

These  wheels  have  a  diameter  of  16  feet  and  carry  upon  one  or  both 
sides  a  row  of  24  churn  like  buckets  each  lifting  out  of  the  stream,  and 
to  a  height  of  12  feet,  not  less  than  3  gallons  of  water,  emptying  it 
into  the  side  trough  shown  in  the  figure,  from  which  it  is  conveyed  to 
the  bank  through  a  conduit  hewn  from  a  log.  The  wheel  under  con- 
sideration was  making  at  the  time  of  the  writer's  visit  4  revolutions 
each  minute,  so  that  the  water  lifted  was  not  less  than  288  gallons  per 
minute,  and  probably  exceeded  300  gallons.  Another  wheel  with  a 
row  of  buckets  on  each  side  was  making  3  revolutions  and  discharging 
not  less  than  450  gallons  per  minute.  The  first  of  these  wheels  was 
pumping  water  at  a  rate  sufficient  to  irrigate,  to  a  depth  of  4  inches 
every  10  days,  38  acres  and  the  second  wheel  60  acres. 

In  other  places  where  the  water  must  be  lifted  to  a  greater  height 
one  or  another  form  of  water  wheel  is  made  to  operate  a  pump,  or  again 
in  still  other  cases  the  hydraulic  ram  is  used. 

LIFTING   WATER  BY    WIND   POWER. 

At  the  present  time  there  is  much  talk  about  the  utilization  of  wind 
power  for  irrigation  purposes,  and  where  the  areas  to  be  irrigated  are 
small,  and  particularly  where  the  lift  is  very  low,  the  windmill  makes  a 
cheap  and  efi'ective  motor  for  lifting  water,  but  a  single  mill  never  can 
be  depended  upon  to  do  work  on  a  large  scale. 

As  the  windmill  is  at  present  used  upon  a  piston  pump,  it  will  be 
helpful  to  tjonsider  what  work  can  be  done  by  piston  pumps  under  dif- 
ferent conditions,  and  in  the  table  below  is  given  the  number  of  days 
required  to  pump  the  amount  of  water  needed  to  irrigate  1  acre  to 
the  extent  of  2  inches  and  4  inches,  respectively,  with  a*  single-acting 
piston  pump  worMng  8  hours  per  day  and  making  30  strokes  per 
minute: 

Number  of  day$  required  to  pump  2  and  4  aore-inohet  of  water  with  a  tingle-acting  piiUm 
pump  toorking  8  hours  per  day  and  making  SO  $troke$  per  minute. 


Time  required  to 

Time  required  to 

pump   2   acre- 
iDobee  with— 

pump    4   acre- 
inches  with— 

Diameter 
of  piston. 

6-incb 

1 

6-inch 

12inch 

12-lnrh   1 

stroke. 
Dayi. 

stroke. 

stroke.       stn>ke. 

Inches. 

Dayt. 

Dayi.         Dayi. 

3 

20.5 

10.3 

41.1 

20.  5 

4 

11.6 

5.8 

23.  1 

11.6 

5 

7.4 

3.7 

14.8 

7.4 

6 

5.1 

2.6 

10.3 

5.1 

7 

3.8 

1.9 

7. 5               3. « 

8 

2.9 

1.4 

5.8 

2.9 

9 

2.3 

1.1 

4.6 

2.3 

10 

1.8 

0.9 

3.7 

1.9 

11 

1.5 

0.8 

3.1 

1.5 

12 

1.3 

0.6 

2.6 

1.3 
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It  is  claimed  by  WolflF  that  the  average  length  of  a  day's  work  for 
windmills  in  the  Unit<ed  States  is  8  hours,  and  they  are  not  likely  to 
average  more  than  30  strokes  per  nfinute  where  single-acting  pumps 
are  used;  and  this  being  true,  the  table  above  shows  what  the  range  of 
work  done  by  the  windmill  may  be  when  used  for  irrigation  if  worked 
upon  pumps  such  as  are  indicated  in  the  table. 

It  is  generally  conceded  by  the  best  authorities  on  the  subject  that 
existing  data  bearing  upon  the  actual  work  which  windmills  are  able 
to  do  when  used  for  irrigation  are  not  sufficient  to  enable  tables  to  be 
constructed  which  will  show  what  wheels  of  different  pattern  and  sizes 
may  be  expected  to  do  when  set  up  in  different  sections  of  the  United 
States.  But  if  windmills  can  be  set  up  which  will  work  single-acting 
pumps  at  the  rate  and  under  the  condition3  indicated  in  the  table 
above,  then  the  areas  to  which  2  acre-inches  and  4  acre-inches  of  water 
may  be  applied  every  10  days  would  be  as  follows : 

Arwu  irrigated  by  windmilU  working  single-acting  pistons  8  hours  per  day  at  the  rate  of 

m 

SO  strokes  per  minute. 


2  inches  every  10 

4  inches 

every  10 

Diam6t«r 
of  piston. 

days. 

days. 

6-incb. 

12-inch 

6-inch 

12inch 

stroke. 

stroke. 

stroke. 

stroke. 

Inches. 

Acres. 

Acres. 

Acres. 

Acres. 

3 

0.49 

0.97 

0.24 

0.49 

4 

0.87 

1.73 

0.43 

0.87 

5 

1.35 

2  70 

0.68 

1.35 

6 

1.95 

3.89 

0.97 

1.95 

7 

2.65 

5.30 

1.33 

2.65 

8 

3.46 

6  92 

1.73 

8.46 

9 

4.38 

8.76 

2.19 

4.38 

10 

5.41 

10.82 

2.70 

5  41 

11 

6.55 

13.09 

3.27 

6  55 

12 

7.79 

15.58 

3.89 

7  79 

From  this  table  it  appears  that  if  windmills  can  be  constructed  which 
will  work  pumps  at  the  rates  here  assumed,  areas  varying  from  0.24 
acre  to  15.58  acres  may  be  irrigated  at  rates  of  2  to  4  inches  every  10 
days. 

Wolffs  gives  a  table  showing  the  capacity  of  first-class  windmills  for 
work  in  irrigation,  which  is  based  upon  results  actually  attained  in 
practice,  and  from  this  the  following  table  is  computed : 

Number  of  acres  a  first-class  windmill  will  irrigate  2  and  4  inches  deep  every  10  days  w'hen 
working  8  hours  per  day  and  lifting  the  water  10,  15,  and  25  feet,  respectively. 


Diameter 

of  windmill 

wheel. 

Lift  of  10  feet. 

Lift  of  15  feet. 

Lift  of  25  feet. 

2  inches. 

4  inches. 

2  inches.   4  inches. 

2  inches. 

4  inches. 

Feet. 
8.5 
10 
12 
14 
16 
18 
20 
25 
30 

Acres. 

1.35 

4.27 

7.66 

9.87 

13.79 

22.09 

27.36 

47.06 

95.46 

Acres. 

0.67 

2.13 

3.83 

4.93 

6.89 

11.04 

13.68 

23.53 

47.73 

Acres.        Acres. 

0. 9              0. 45 

2. 85            1. 42 

5. 11            2. 55 

6. 58            3. 29 

9.19    1        4.59 

14. 14            7. 07 

18.  25             9. 12 

31.38    1       15.69 

61.  42           32.  21 

Acres. 

0.55 

1.70 

3.00 

3.99 

5.71 

8.64 

11.04 

18.77 

38.08 

Acres. 
0.27 
0.85 
1.50 
1.99 
2.85 
4.32 
5.52 
9.38 
19.04 

\ 

*  The  Windmill  as  aPt'\iii€>  'M.ovet, 
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It  vill  be  M431  that  acoording  to  this  table  tbe  largest  area  which  can 
Yf-  :7T:::aT4id  lo  a  deptL  of  4.  inebea  in  every  10  days  by  a  V2  font  wlieel, 
]ii:ij.;:  tLe  vai^iT  tij  fe«t.  is  1^  acres.  It  Hhotild  Ih.i  said  in  ronnevtion 
"vilh  tbi-  T^Me.  however,  that  vith  the  improvenicuts  which  are  \ie\ng 
zr.a^je  boiL  in  ibe  cyiU.stracti^jD  of  windmills  and  of  ])uni]m  adapted  to 
Theuj  it  L«  quite  probable  that  considerably  higher  efliciency  will  be 
attained. 

LirTT5G  WaTZR  wnn  ENGIXEH. 

When  it  f'ome^  to  lifting  water  with  engines  for  parposes  of  irriga- 
tion the  auiOULtA  sfi  raided  V}  considerable  heights  at  a  c*om{)aratively 
.■*njall  i-Oi^l  lor  fuel  hfrt'.onif  very  great. 

It  i.H  clairue'l  that  ai  the  present  price  of  gasoline  the  gasoline 
tfrnffines  now  ma^Ie  will  prrxlnce  1  applied  horsejiower  at  a  rost  of  1 
to  l.-i  cf'nts  |ier  hour  for  fuel.    At  the  higher  figure  the  wator  neces- 
sary to  irrigator  1  arre  to  a  depth  of  4  inches  could  be  lifted  2<l  fee 
hi^h  at  a  fu<.'l  co^t  of  H  cents,  and  if  the  irrigation  were  repeated  s 
times  th<;  total  i'0?>t  ]»er  acre  for  fuel  alone  would  be  only  84  cents. 

At  the  Wisi-onsin  Station,  with  a  rated  S-horsepower  farm  enpr 
water  has  bn-n  drawn  from  a  lake  through  110  feet  of  <»  inch  snct 
pipe  to  a  hei;:ht  of  I'f;  feet  at  the  rate  of  22i  acre-inches  per  <lay,  * 
1  ton  of  IiKliana  blm-k  coal.    At  ^4  jier  ton  for  coal  the  fuel  co^ 
I  acre  inches  lifted  i^'i  feet  hi;^'h  was  72  cents,  which  makes  six 
irrigations  cost  for  fuel  ahme  'fA.^il^  or,  upon  the  basis  of  a  2i)-UH} 
9'Mi3.     It  sliould  hit  stated  regarding  this  case  that  the  cost  iin 
the  waste  of  fuel  inciilcnt  to  fre(|uent  stopping  and  starting  f 
firing  u]>  in  the  moniin;:  and  allowing  tbe  engine  to  cool  down  a 

The  ])ump  ns<'d  in  the  case  just  cited  was  a  No.  4  centrifug 
lifts  not  greater  than  2't  feet  centrifugal  pnmps  are  the  liest  ft 
tioii  on  account  of  their  sini|»]i<'ity  of  construction  and  long  lif 
ness,  and  small  liability  of  gcttin;;  out  of  order. 

The  different  types  of  rotary  jiunips  are  very  effective  t 
an<l  in  iH^rfect  working  order,  and  water  can  l>e  lifted  with  tl 
desired  height,  but  they  are  subject  to  rapid  deterioration,' 
there  is  much  silt  in  the  water.    Neither  of  these  types  of 
be  advantageously  usi*,d  where  tliey  must  )>e  placed  more  tl 
feet  above  the  water  supply. 

Some  form  of  plunger  pump  is  necessarily  resorted  to  ir 
the  water  is  more  than  liO  feet  below  the  surface,  and  7 
(tumps  for  irrigation  purposes,  especially  where  the  dr 
limited,  it  is  very  important  that  the  suction  and  disclu 
have  diameters  nearly  or  quite  equal  to  the  diameter 
itself,  otherwise  the  loss  of  p(»wer  through  concassie 
unnecessary  velocity  of  discharge  will  be  great. 
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WATER  FOR  IRRIGATION  FROM  WELLS. 

The  ordinary  farm  well  as  it  is  generally  constructed  can  not  be 
depended  upon  to  supply  water  for  the  irrigation  even  of  kitchen  gar- 
dens of  any  considerable  size.  It  is  possible,  however,  so  to  construct 
farm  wells  that  they  will  yield  much  larger  supplies  of  water  than  they 
ordinarily  do.  The  most  common  fault  with  farm  wells  is  that  they  do 
not  extend  deep  enough  below  the  lowest  seasonal  level  of  standing 
water  in  the  ground.  When  a  large  supply  of  water  from  a  well  is 
desired  at  all  seasons  of  the  year,  the  depth  of  standing  water  must  be 
great  unless  the  water  is  derived  from  a  stratum  of  gravel  or  coarse 
sand,  and  usually  the  deeper  the  water  is  in  the  well  the  more  water 
can  be  drawn  from  it,  other  conditions  being  similar.  Where  water  is 
obtained  in  sandstone  in  which  the  wells  are  drilled,  the  larger  the 
diameter  of  the  well  and  the  deeper  the  water  in  the  well  the  more 
water  it  will  supply.  But  where  the  sandstone  is  much  fissulred,  so 
that  the  water  can  percolate  into  fissures  and  flow  along  the  fissures  to 
the  well,  the  supply  of  water  from  it  is  very  much  increased. 

There  is  at  Babcock,  Wis.,  a  6-inch  well  74  feet  deep,  the  last  35  feet 
of  which  is  in  sandstone  from  which  the  water  is  derived,  and  the  nat- 
ural depth  of  the  water  in  the  well  is  about  68  feet.  This  well  yields 
daily  76,800  gallons,  which  is  enough  to  irrigate,  if  pumped  to  full  capac- 
ity 10  hours  per  day,  5.89  acres  2  inches  deep  every  10  days,  and  2.95 
acres  4  inches  deep  in  the  same  time.  Or,  pumped  continuously,  it 
might  be  made  to  irrigate  14.14  acres  2  inches  deep  or  7.07  acres  4  inches 
deep  every  10  days. 

These  figures  serve  to  show  the  maximum  areas  which  can  be  irri- 
gated from  wells  except  in  those  sections  which  are  underlaid  by 
artesian  waters  under  sufficient  pressure  to  cause  them  to  rise  to  or 
overflow  the  surface. 

A  10-inch  well  at  Madison,  Wis.,  750  feet  deep  has  a  tested  capacity 
of  599,040  gallons  every  24  hours.  If  this  were  pumped  continuously 
it  would  be  sufficient  to  irrigate  110  acres  2  inches  deep  every  10  days, 
and  55  acres  4  inches  deep.  Or,  if  the  well  worked  10  hours  per  day 
-  the  areas  irrigated  would  be  46  acres  2  inches  and  23  acres  4  inches 
deep. 

As  an  extreme  example  of  the  amount  of  water  which  may  be  supplied 
by  a  single  artesian  well  that  of  Chamberlin,  S.  Dak.,  may  be  cited. 
This  well  yields  5,000  gallons  per  minute  at  a  temperature  of  71.6°  F., 
or  enough  to  irrigate  657  acres  of  land  to  a  depth  of  4  inches  once  in 
10  days  throughout  the  year. 

THE   CONSTRUCTION   OF   RESERVOIRS. 

Reservoirs  are  necessary  where  pumps  are  used  for  purposes  of  irri- 
gation, particularly  if  windmills  are  used.  The  location  of  the  reservoir 
should  be  such  that  its  level  is  above  that  of  the  land  to  which  it  is  to 


sapplf  water.  Tbe  d<>C]>«r  the  re««rv<>ir  can  -be  m&iif  ilie  le«t>  will  be 
tb«  IflAs  by  cvaj>oration  and  iiKnalty  ul»o  by  ieaktigc,  but  if  tlic  water 
supplied  to  it  ifi  too  c-old  to  ase  it  will  warm  faster  in  a  Hliallow  roKervoir. 
Wliere  tU«  soil  is  of  a  clayey  nature  a  vpry  good  reservoir  may  ttc 
maduby  iiri«t  iilnwinjTiind  remorinf;  tbf  8o<l  to  a  diotance  beyond  tbe 
border  of  ttiv  iirupotMMl  wall»,  li«cau8C  if  introduced  into  the  wall  it  will 
leak.  Tbe  t.-art]i  it  ihiaa  plowed  and  wruptMl  iiit^j  a  broiMl  ridge  liarlng 
tbe  ioside  Hianting  in  urder  that  tbe  waves  idiull  not  «ro<le  tfau  embank- 
ment. W)iile  tbe  earth  is  beinj;  depoiiik'd  in  tbe  wall  it  siiould  be 
tramided  Itrm  aud  clone.  When  the  proper  hpigbl  and  form  hua  been 
given  U)  tliv  wallH  of  tbe  reservoir  tt  in  Deceoftary  to  |ili>w  and  tbor- 
OHghly  pulveri/,e  tbe  bottom  to  a  depth  of  Ti  incbe«4  iirvimnitiiry  to  pud- 
dling it.  If  the  rcHervotr  is  dn^itlar  in  outline  the  louM;iied  soil  should 
be  first  wet  at  the  cenlt-r  aud  thoroughly  jtuddled  there  by  trampling 
with  a  team.  Then  by  wideniDE  *l'*  *^^  f*'^"'  t''«  team  may  be  driven 
round  and  round  until  the  Hides  are  rearched  and  the  whole  thoroiigblf 


^_?^f' ^^X^.^.' "^l  'Tl^V 
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worked  intty  n  mortar.  In  tbin  i;ondition,  if  tboronghly  puddled, 
reservmr  is  nearly  water-tight.  To  prevent  washing  tbe  inner  : 
may  be  covered  with  a  layer  of  coarse  gravel  or  cnwbMl  rock. 

If  a  perfectly  water-tight  r<;servolr  is  desired  the  bottom  Mhoul 
cemented,  coated  with  aajihult  and  lUind,  or  R  or  8  iuebeH  o 
used  In  the  puddling. 

The  reHervoir  at  tbe  WiHconsin  Station  is  cemented  on  tbe  u 
earth  bottom  and  on  the  siden,  wbirli  are  of  stone  and  vertical 
the  cement  bad  beconut  dry  r.ht\  sinfiice  was  {tainted  with  i 
{boiled  until  thick)  when  cold,  anil  iipjilied  with  a  brotmi  ( 
In  this  condition  it  is  water-tight. 

To  remove  the  wat^r  from  tbe  reservoir  the  best  plan  b  to 
Welti  steam  pipe  provided  with  an  elbow  and  laid  with  the 
the  elbow  level  .-itb  the  bottom  of  the  renervoir  and  facing  ' 
closed  with  a  plug  tu  which  a  long  T-bandle  is  attAcbed.     V 
Bents  a  cross-section  of  reservoir  with  plug  iiiMerted  in  It 
pipe.    The  end  of  the  pipe  where  tbe  plug  is  inserted  J^ 
oughly  embedded  in  a  large  mass  uf  <:ement  heavy  BJ^V 
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it  from  being  shaken  when  the  plug  is  taken  out  or  inserted.  A  reser- 
voir with  sloping  sides  should  have  the  outlet  at  the  junction  of  the 
side  and  bottom,  and  it  will  be  necessary  to  build  a  pier  out  to  it  in 
order  to  reach  the  plug. 

A  reservoir  4  feet  deep  and  40  feet  in  diameter  will  hold  water  enough 
to  irrigate  0.35  acre  4  inches  deep  and  0.69  acre  2  inches  deep,  and  100 
feet  in  diameter  will  irrigate  4.32  and  2.16  acres  2  and  4  inches  deep, 
respectively. 

METHODS  OF  APPLYING  IBEiaATION  WATER. 

The  metho<ls  of  applying  water  are  so  various  that  only  a  lengthened 
discussion  can  convey  a  clear  idea  of  them,  but  it  is  believed  that  the 
following  brief  suggestions,  condensed  from  a  recent  article  by  Prof. 
L.  B.  Tafb,^  will  be  helpful  to  those  desiring  a  general  knowledge  of 
methods  of  applying  irrigation  water  to  gardens  and  orchards.— 1  Ed.] 

The  method  hy  which  water  will  be  carried  upon  the  land  will  depend  largely 
{  upon  the  surroundings.    If  there  is  a  large  amonnfc  of  water  and  an  easy  grade  can 

be  secured,  it  may  be  carried  in  open  ditches,  which  can  be  easily  excavated  with  a 
plow  and  scraper.  Where  the  distance  is  not  great,  or  if  the  pressure  is  considera- 
ble, particularly  if  the  water  is  pumped,  riveted  8beet>iron  tubing  or  steel  gas  pipe 
can  be  used.  These  are  readily  put  together  and  taken  apart  as  desired,  and  gates 
and  water  plugs  may  be  attached  at  will.  If  arrangements  are  made  to  drain  the 
pipes,  or  if  they  are  taken  up  in  winter,  they  may  be  placed  upon  or  near  the  surface. 

The  size  of  the  pipes  needed  will  depend  upon  circumstances.  For  tracts  of  from 
5  to  10  acres  a  sewer  pipe  4  inches  in  diameter  is  desirable,  although  a  3-ineh  pipe 
would  answer  if  there  is  a  fair  fall.  When  using  iron  pipe  the  size  of  the  distribut- 
ing pipes  upon  tracts  of  a  half  acre  or  over  should  be  2  or,  better,  2^  inches.  For 
the  main  supply  pipe  from  the  pump  or  reservoir  a  somewhat  larger  size  will  lessen 
the  friction  and  increase  the  capacity  of  the  system,  but  if  the  distance  is  consider- 
able it  will  cause  a  large  outlay,  aud  it  might  be  cheaper  in  the  end  to  use  a  smaller 
size  and  take  a  little  more  time.  Wooden  or  sheet-iron  flumes  may  alHo  be  used  for 
carrying  the  water. 

The  supply  pipe  or  ditch  should  take  the  water  to  the  highest  point  of  the  tract 

to  be  irrigated,  and,  if  the  land  is  uneven,  with  several  knolls,  a  branch  pipe  should 

be  carried  to  each  of  them.     If  there  is  one  point  from  which  the  water  will  flow 

over  all  others,  it  can  be  distributed  from  that  point  in  flumes  or  ditches  to  the  fur- 

I  rows  and  thus  spread  over  the  land.     While  this  will  lessen  the  expense  if  pipes  are 

UHcd,  it  will  be  better  not  to  attempt  to  water  more  than  1  or  2  acres  from  a  single 

'  hydrant.     If  applied  from  a  hose,  it  is  not  desirable  to  have  the  hydrants  more  than 

200  feet  apart,  recpiiring  a  hose  100  feet  long.     For  a  tract  not  over  200  feet  wide  and 

from  300  to  500  feet  long,  measuring  down  the  slope,  a  single  hydrant  at  the  middle 

of  the  upper  side  will  be  sufllicient.     A  regular  hydrant  can  be  constructed  if  desired, 

but  if  there  is  a  T  with  a  gate  valve  at  the  point  where  the  hose  is  to  be  attached  it 

I  will  answer  every  purpose. 

I  One  of  the  best  methods  of  distributing  the  water  from  the  hydrants  is  by  the  use 

of  wooden  troughs.  They  may  be  put  up  ]»ermanently  along  the  head  of  the  rows 
or  may  l)e  made  portable  in  sections  of  16  feet.  They  should  be  from  6  to  8  inches 
square  inside  or  8  inches  deep  if  triangular.  Along  one  side,  at  intervals  of  from  3 
to  20  feet,  according  to  the  crop  for  which  they  are  to  be  used,  there  should  be  holes 
from  1^  to  2  iuches  in  diameter,  closed  by  zinc  or  galvanized  sheet^iron  gates.     If 
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the  land  alnpon  mach,  them  Bboulil  be  ftn  ocoitBloiiiil  drop  in  them.     I'o  (lonlrul  tlio 

&aw  or  thu  water,  wooden  HlidiDg  ({ates  nre  ilesjrnble  lit  frequent  iiiUrrals  uud  st 

the.  end  of  esth  sectiun  uf  trough.     Uy  means  of  the  Bmall  gntea  the  vrnlvi  I'uu  b« 

KdUlributnl  to  a  uuinbvr  of  ruvi  at  a  time  and  the  Uovr  citu  bo  reguUt«d  at  will. 

W    If  neither  troughs  nur  pipus  uni  nscd,  an  opoa  ditch  cuu  be  rtin  along  the  bead  nw, 

'ind  tbis  will  act\e  the  xanie  piir]>oBo.     If  clitcbts  nre  UBod,  it  U  desirtible  tb.it  Buiall 

wooden  boxes,  closed  at  ono  end  with  a  eliding  gate,  be  placed  iit  points  whpre  the 

water  ia  to  lie  drawn  out,  but  the  water  la  often  applied  by  making  afieuiiigH  in  tlie 

biiuk  through  wbirh  it  e.an  be  drawn. 

Having  the  walor  upon  tbo  land,  it  can  be  applied  in  variouH  wayu.  Hooding  or 
allowing  the  water  to  Hpreail  over  the  surface  to  tlie  depth  of  tiata  2  to  10  inchee 
was  fermerlj  extensively  uaud,  but  it  is  now  employed  only  for  grain  and  similar 
crops.  The  moat  common  method  for  vegetables  and  fruits  i»  to  make  furraWH  and 
run  the  water  along  in  tbem,  so  that  it  can  soak  into  tbeeoil.  If  properly  arranged, 
the  water  can  not  spread  upon  tbe  aurfaou,  and,  by  turning  back  tbo  furrows  as  soon 
an  tbe  water  boa  aoakcd  in  and  cultivating  thesoit,  the  miiiatni'B  i«ti  bi>  prevented 
fruin  evaporating  (lig.  3j. 


Irrtg«tt 


Care  ^boiiM  bi^  taken  to  ao  lay  out  the  rows  in  the  orrhanl  nr  garden  tbat  tbo  fur- 
rowit  for  the  wutt^r  can  be  run  at  a  very  slight  slope,  2  or  3  inches  in  100  feet  being 
all  that  is  doairable,  while  1  foot  in  100  feet  is  an  extreme  slope.  With  a  little  vare 
in  laying  out  tbe  furrows  water  can  be  used  upon  land  that  at  Qrat  eight  it  will 
seem  imposbllde  to  irrigate. 

Subirrigution  is  the  term  applied  to  tbe  running  of  water  through  pipes  liiid  lielovv 
tbe  surface  of  the  grunnd  and  allowing  it  to  soak  out  through  cracks  or  hules  niiidu 
for  tbe  purpose.  The  pipes  ace  generally  otimmou  drain  tiles,  from  2J  to  i  inilies  in 
diameter,  laid  at  depths  of  from  a  few  inches  to  2  or  3  feet.  Pnrticularly  upon  muck 
or  swampy  land,  if  they  are  placed  at  a  oonsiderable  depth,  they  will  do  good  serv- 
ice as  draiua,  besides  diatribnting  water  in  dry  seaaon.  By  having  tbe  ends  of  ths 
lines  of  tile  open  into  a  ditch,  the  water  can  be  carried  off  when  there  is  a  surplus, 
while,  by  damming  the  ditch  and  flUing  it  with  water,  the  tilos  will  carry  it  bock 
for  several  hundred  feet  and  moisten  a  apace  upon  either  side  of  lium  15  to  40  feet. 
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Tbey  should  be  placed  IS  inoheH  deep  in  garden  loam  soil  at  a  distancB  of  12  or  16 

fiH't  Hpart,  but  ia  very  light  saud  or  etiff  clay  aliorter  iDtervala  will  be  advinabla. 
Tbe  tiles  sboulil  have  a  very  Blight  elope,  Air  if  tliero  ia  mnch  head  the  water  will 
break  out  iiDleaa  tbey  are  laid  at  a  ronsiderabia  depth.  Several  lines  loay  be  joined 
to  a  larRnr  line  laid  acroas  their  enda,  although  if  eauh  line  of  tile  is  Bapplied  iude- 
pendctitly,  a  more  oven  distribntiou  will  be  obtained. 

I'pon  u  aniall  garden  whore  the  water  supply  ia  aitiall,  or  if  it  ia  delivered  In  aniatl 
pipes,  this  methoil  of  watering  ia  uf  value,  as  the  water  needs  oulr  to  be  turned  on 
and  it  will  distribute  itself  without  fiirtUer  attention. 

Whilu  there  is  a  saving  of  labor  in  this  niethm),  the  Post  of  tilea  and  the  expense 
of  laying  them  make  it  uiui'h  more  eii>enaive  tlian  furrow  irrigation.  It  has  few 
advantageH  over  forrowa  for  fruits  and  the  ordinary  garden  crops.  As  water  can  be 
applied  in  furrows  for  fniita  or  large  areas  of  vegetables  at  frnni  50  tent*  to$l,50 
per  acre,  according  to  the  crop  and  the  amount  of  water  :i  vail  able,  one  can  not  afl'ord 
to  go  to  the  expense  of  fitting  the  land  for  sub  irrigation,  excejit  where  the  tilea  are 
needed  aa  drains. 

For  Qower  beds  and  lawna  where  water  can  not  be  applied  in  furrowR  tilea  can 
often  be  used  to  good  advautnge.  Placed  at  the  depth  of  1  foot  and  ox  nearly  level 
as  poMlblo,  tbey  will  diatribute  the  wutcr  quite  evenly  over  a  apace  from  8  to  IG  feet 
iu  width.  For  short  lengths  the  flow  of  the  water  should  be  restricted  ti>tbeiunuiiul 
that  con  be  given  off  by  the  tiles. 

For  garden  cropa  grown  in  rows  more  than  2  feet  apart,  the  water  can  be  run  in 
furrows  made  n  few  iiicbea  from  eauh  row  while  tbe  plants  are  auiull,  and  halfway 
between  tbem  when  they  liiive  filled  the  ground  with  their  roots.  For  narrower 
rowa,  down  to  16  inches,  it  will  answer  if  furrovra  are  made  in  every  second  row, 
while  for  cropa  grown  in  very  close  drills  irrigation  may  be  provided  for  by  leaving 
a  slightly  wider  space  every  fourth  row  in  which  to  run  the  wat«r.  When  tbe  crops 
are  sown  broadcast,  the  water  may  be  applied  by  making  furrows  from  i  to  ID  or 
even  more  feet  apart,  und  it  will  be  of  far  mora  value  tban  when  spread  upon  tbe 
Hurfnce. 

Thu  condition  of  the  plants  ia  the  best  indication  of  tbe  neceaeity  for  applying 
water.  If  in  a  tune  of  drought  tbe  leaves  wilt  or  curl,  or  take  on  an  unnot  oral,  dark 
color,  water  can  generally  be  used  to  advantage.  Although  one  or  more  wateriuga 
are  occasionally  necessary  while  the  plants  are  small,  potatoes,  tomatoes,  peas,  and 
similar  cropa  are  more  likely  to  aiilfer  from  lack  of  water  after  the  fruits  and  tubers 
form,  and  it  should  then  be  used  in  liberal  quantities.  For  all  such  crops  it  is  seldom 
desirable  to  irrigate  whilu  the  plants  are  inblossooi.  iwit  tends  tn  start  a  new  growth 
and  prevent  setting.  After  the  crop  has  set,  particularly  in  case  of  the  potato,  no 
check  to  tbe  growth  Hhoiild  be  allowed  from  lack  of  water,  as  when  it  is  applied  a 
new  growth  will  start,  a  sec^ond  crop  will  set,  and  the  result  will  be  a  large  number 
of  small  potatoes. 

More  than  800  to  1,500  barrels  per  acre  abontd  not  bo  applied  at  one  time,  lis,  if 
heavy  rains  follow,  the  ground  may  be  saturated.  Even  with  the  most  thorough 
cultivation,  anywhere  from  i'.  half  inch  to  2  inches  of  water  per  week  can  boused  to 
advantage  by  vegetables  during  May,  June,  July,  and  August,  and  unless  the 
natural  snpply  available  approximates  that  amonnt  it  should  be  supplied  artiliciully 
in  proportion  to  the  churut.'t«r  of  the  soil  and  season  and  the  needs  of  the  crop,  1  inch 
being  taken  as  an  nveritge  for  each  application  for  good  garden  soils.  Care  sliutild 
be  taken  to  praveut  the  flowing  of  the  wat«r  over  the  surface,  aud  particularly  from 
Guniing  in  contact  with  the  stems  and  luuvea  of  the  plants.  After  each  watering  aud 
after  every  rain  the  ground  should  have  a  ahallow  onUivation,  and  this  should  be 
repeated  at  least  once  a  week. 

For  orchards  as  well  as  for  other  crops  it  is  better  to  use  a  nnmber  of  small  streams 
rather  than  one  or  two  strong  ones,  as  there  will  be  leas  washiun  of  tlip  fto\\,  o.vi^. ». 
more  even  distribution  of  the  water  can  be  aeunted.     X.  ftunw  o\  \iifi\  K\W^  ViVi.  «vS> 
very  much  in  tecar'mg  thia. 
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In  looatiDg  the  rows  sacb  mi  arc«Dgemet)t  sboald  b«  ni»de  as  will  Hocnre  a  proper 
slope  for  the  furrows,  which  should  be  from  1  to  6  mches  in  100  feet.  While  the 
trees  sre  small  a  furrow  upon  either  side  of  eaoh  row  will  answer,  bnt  as  the  rooti 
8prc»d  additional  fDrrows  3  or  1  feet  apart  shonld  1>e  made,  until  finally  the  entire 
space  is  irrigated  (fig.  4).  Too  much  water  and  too  freqnent  applications  are  more 
lilcelf  to  be  harmfnl  than  too  little  water,  and  ordinarily  there  nill  be  no  necessity 
for  watering  until  the  fcuM  is  half  grown,  and  from  oue  to  three  applications,  tLie 
last  oue  Dot  later  than  the  middle  of  Angnst,  in  order  to  allow  the  growth  to  rjpen, 
will  nsnaUy  suffice.  The  nse  of  water  dnnng  a  week  or  two  before  and  continuing 
ODtil  two  weeks  after  bloasoining  is  not  deaimble. 

Great  iqjorjr  is  often  done  b;  the  dryuig  out  of  the  trees  in  winter,  anil  if  the 
autuma  isrery  dryitwill  be  well  to  irrigate  the  trees  Just  before  the  ground  freezes. 
The  viouDt  of  watel  required  by  orchards  is  ftom  1  to  3  inches  at  each  application, 
while  the  frequency  of  watering  must  depend  upon  conditiouB.    When  a  loam  soil 


taken  from  a  depth  of  5  or  6 

water  is  iieiidt'd.     Ordinaril; 
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IRRIGATION  IN  FRUIT  GROWING. 


IHTRODUGTIOH. 

Tbrougliout  a  considerable  area  of  the  United  States  irrigation  is 
indispensable  to  the  growth  of  fruit.  Throughout  a  greater  area  irri- 
gation is  essential  to  the  growth  of  fruit  of  the  highest  quality  and 
market  value.  Throughout  a  still  greater  area  the  availability  of  irri- 
gation is  a  surety  against  occasional  losses  of  crops  and  injury  to  tree^ 
and  vines  through  drought.  There  are  no  data  for  accurate  definition 
of  those  particular  areas,  but  it  is  a  fact,  never  so  generally  appreciated 
as  at  the  present  time,  that  the  friiit  grower  in  all  except  a  few  of  the 
most  humid  regions  of  the  country  may  look  upon  a  water  supply, 
available  for  use  when  desirable,  as  an  element  of  great  value  and  an 
assurance  of  safety  in  his  business  enterprise.  Evidently  the  so-called 
"  arid  West '^  is  no  longer  to  stand  alone  in  proclaiming  the  advantage 
of  iiTigation.  Wherever  fruit  crops  were  injured  or  lost  by  the  long 
drought  of  the  summer  of  1899,  there  may  be  found  testimony  of  the 
benefit  which  would  have  accrued  if  the  grower  had  been  ready  to 
regulate  his  soil  moisture  by  irrigation.  For  this  reason  the  art  of 
irrigation  is  becoming  far  more  than  a  sectional  question  in  this  country, 
and  the  knowledge  of  it  which  has  been  gained  by  a  half  century  of 
experience  in  one  section  becomes  of  direct  practical  advantage  in 
nearly  all  sections.  The  time  has  come  when  fruit  growers  everywhere 
must  understand  the  elementary  facts,  at  least,  of  the  relation  of  irri- 
gation to  fruit  production  and  of  the  development,  distribution,  and 
use  of  water  in  horticultural  enterprises. 

It  should  be  an  inspiring  reflection  to  an  American  that  he  need 
not  seek  abroad  for  the  best  irrigation  inothods  in  the  growth  of  fruits. 
The  irrigation  pioneers  of  the  far  West  ransacked  the  whole  Mediter- 
ranean region  of  Europe  and  Africa  and  farther  India  for  example  and 
suggestion  and  found  little  which  American  insight  and  ingenuity  could 
not  improve.  The  result  has  been  that  duriiig  the  last  decade  commis- 
sioners from  nearly  all  governments  having  possessions  suitable  for 
fimit  production  have  made  personal  examination  of  American  methods 
and  have  commended  them  for  superior  capacity  and  efficiency.  It  is 
not  contended  that  America  has  the  greatest  irrigation  enterprises  of 
the  world.  Such  comparison  is  beyond  the  scope  of  this  writing.  But 
for  irrigation  enterprises  as  applied  to  the  growth  of  fruity  it  ia  ^Vwons^ 


t  there  are  none  so  great  nor  so  rationally  and  efll'ectively  method- 

d  as  those  of  this  country.    For  all  these  reasons  it  is  thought  that 

d  farmers  and  frait  growers  of  the  United  States  may  be  interested 

a  general  statement,  in  as  compact  a  form  ns  possible,  of  the  rela- 

Dns  of  irrigation  to  fruit  production,  and  of  irrigation  methods,  as 

ley  have  been  demonstrated  by  Pacific  coast  experience,  to  the  end 

hat  recourse  to  irrigation,  wherever  it  be  found  desinible,  may  b<' 

acilitated  and  promoted. 

IRRIGATION  WITHOUT  CULTIVATION. 

A  brief  historical  illustration  is  instructive,  as  showing  how  con- 
ceptions of  tlie  necessity  and  desirability  of  irrigation  in  fruit  growing 
may  change  and  how  ill  placed  is  any  prejudice  for  or  against  irriga- 
tion as  such.  The  Spanish  missionaries  who  entered  California  from 
Mexico  in  17G9  establisheil  fruit  gardens  and  vineyards  with  irrigation 
facilities  at  about  fifteen  points  along  about  four  hundred  miles  of  the 
coast  region  of  the  State.  They  laid  off  their  plantations  in  old  Spanish 
style  and  proceeded  ui)on  the  assumption  that  fruit  could  not  be  grown 
in  Oalifornia  without  irrigation.  The  few  adventurers,  saih)rH,  and 
trappers  who  came  to  the  State  from  all  countries  during  the  first  half 
of  this  century  accepted  the  missionary  view  of  the  case,  and  most  of 
them,  having  neither  energy  nor  ambition  to  develop  and  distribute 
water,  lived  upon  beef  and  beans  with  such  occasional  indulgences  in 
wine  and  fruits  as  they  could  get  from  the  missions.  There  were  a  few 
who  emulated  the  example  of  the  i>adreH,  but  were  content  to  accept 
their  methods  of  frequently  running  water  through  permanent  ditches 
to  the  uncultivated  orchard  or  vineyard.  This  was  the  first  con- 
ception of  irrigation  as  essential  to  the  growth  of  fruits  in  a  country 
with  a  rainless  summer. 

CULTIVATION  WITHOUT  IRRIGATION. 

Soon  after  the  gold  discovery  and  the  arrival  of  Americans  in  multi 
tude,  it  was  seen  that  tillage  of  the  surface  soil  prevented  evaporatio 
to  such  an  extent  that  fruit  trees  and  vines  could  make  great  grow 
and  bear  heavily  with  such  moisture  as  was  conserved  in  the  soil  fr 
the  rainfall  of  the  wet  season.  It  was  a  great  surprise  that  trees  coni 
this  even  though  no  rain  fell  for  several  mouths,  and  a  sharp  rea 
from  the  old  Spanish  conception  of  constant  irrigation  results.    ^ 
then  claimed  that  irrigation  was  unnecessary  and  that  thorough  e 
cultivation  during  the  dry  seiison  would  produce  better  fhiit 
irrigation.    This  was  the  second  concei>tion,  viz,  that  irrigati/ 
not  only  not  essential,  but  was  an  injury  to  fruit  even  in  a  coun^ 
a  rainless  summer,  and  that  regions  which  would  produce  fhiit 
irrigation  enjoyed  a  very  superior  natural  endowment  wb 
hardly  be  overestimated.    For  many  years  the  conflict  bf 
advocates  of  irrigation  and  nonirrigatiou  continued.    Meao^ 


ence  was  teaching  valuable  leHsons.  It  was  found  that  in  some  soils 
and  situations  the  nonirri^ation  ))o]icy  failed  to  secure  satisfactory 
crops  of  good  fruit  and  that  a  properly  regulated  irrigation  practice 
succeeded  in  doing  it.  It  has  required  nearly  a  quarter  of  a  century  of 
trial  and  discussion  to  arrive  at  the  true,  rational,  and  practical 
demonstration  of  the  matter,  which  is  that  an  ample  moisture  supply, 
available  all  through  the  growing  season,  is  necessary  to  the  best  work 
of  the  fruit  tree  or  vine,  without  regard  to  whether  that  moisture 
comes  from  rainfall  or  irrigation;  that  irrigation  or  nonirrigation  may 
be  either  right  or  wrong  according  to  tlie  conditions  of  soil  or  season  or 
rainfall  or  the  kind  of  tree.  They  may  be  both  right  and  wrong  in  the 
same  locality  in  the  same  month.  The  long  process  of  inquiry,  experi- 
ment, and  observation  by  which  this  conclusion  was  reached  involves 
propositions  of  universal  applicability,  the  demonstration  of  which  is 
of  importance  to  operators  in  both  arid  and  humid  regions  and  afibrds 
a  motive  for  the  present  discussion. 

IBRIOATIOH  AJSm  GULTIVATIOH,  AND  THEIE  MUTUAL  RELATIONS. 

The  issue  between  irrigation  and  cultivation  arose  at  the  very 
beginning  of  systematic  fruit  growing  in  California,  as  has  just  been 
suggested.  No  adequate  understanding  of  the  tillage  principles 
involved  was  then  exhibited;  the  empirical  discovery  of  the  facts  was 
a  surprise;  the  quick  and  wide  use  of  the  facts  constitutes  one  of  many 
striking  illustrations  of  the  versatility  of  the  American  mind  in  dealing 
with  the  strange  phenomena  of  an  arid  region,  which  has  marked  the 
advancement  of  California  agriculture.  The  experience  of  California 
fruit  growers  in  the  matter  of  tillage  as  related  to  moisture  conserva- 
tion and  to  stimulation  of  plant  growth  affords  unique  and  emphatic 
illustration  of  the  principles  laid  down  by  our  best  writers  on  these 
subjects.  As  these  writings  are  readily  accessible,  attention  will  be  paid 
rather  to  the  effectiveness  of  proper  cultural  methods,  as  learned  by 
experience,  which  are  widely  applicable,  even  beyond  the  arid  region 
in  which  they  have  secured  adoption. 

Common  observation  showed  at  the  beginning  that  fruit  trees  and 
vines,  if  well  planted  during  their  dormancy  in  the  wet  season,  would 
make  a  fine  growth  in  the  spring  and  continue  it  during  the  early  part 
of  the  dry  season,  but  would  suffer,  and  in  some  cases  actually  perish 
as  the  dry  season  advanced,  because  the  soil  would  become  so  dry  to  a 
depth  of  several  feet  that  the  root  hairs  would  die  and  continued  evap- 
oration from  the  leaf  surface  would  extract  every  particle  of  moisture 
from  branch  and  root  and  destroy  the  young  tree.  If  the  soil  were 
heavy,  it  became  as  hard  as  a  rock,  so  that  a  post  hole  could  be  dug 
only  with  a  crowbar;  if  it  were  light,  it  would  lose  all  adhesiveness 
and  become  either  ashy  or  sandy.  In  both  cases  the  soil  would  become 
not  only  dry,  but  hot,  and  incapable  of  maintaining  plant  growth. 
On  the  other  hand,  in  places  only  a  short  distance  away,  on  the  sain!^ 


soils,  where  the  surface  had  been  mellowed  after  the  late  rains  had 
compacted  the  surface,  directly  opposite  behavior  of  the  plants  was 
seen ;  growth  was  continued  in  good  form  and  color,  frait  was  (*>arried 
to  astonishing  size,  and  the  trees  and  vines  were  thrifty  and  vigorous 
during  months  of  cloudless  skies,  hot  sunshine,  and  dry  air.  The  sug- 
gestion of  such  a  contrast  was  spi^edily  made  use  of,  and  the  discovery 
that  better  fruit  could  be  gniwn  by  surface  tillage  than  by  the  old 
Spanish  practice  of  frequently  running  water  over  the  hard  surface  was 
hailed  with  enthusiasm. 

CULTIVATION  AS  A  RELIEF  FROM  IRRIGATION. 

From  this  early  announcement  of  the  efficacy  of  tillage  of  orchard 
and  vineyard  the  resort  to  plow  and  cultivator  became  general,  and 
nearly  half  a  century  of  ex{>erience  justifies  the  conclusion  that  ade- 
quate cultivation  obviates  the  necessity  of  irrigation,  providing  (1) 
there  is  sufficient  rainfall  or  underflow  at  any  season  to  supi)ort  a  year's 
growth  and  fruitage;  (2)  there  is  sufficient  retentiveness  in  the  soil  to 
hold  water  from  eva{K)ration  or  leaching;  (3)  there  is  sufficient  depth 
of  soil  to  constitute  a  reservoir  of  adequate  cai)acity.  Soil  and  moisture 
conditions  are  of  universal  occurrence,  and  are  therefore  worthyof  con- 
sideration wherever  fruits  are  grown,  and  tlie  understanding  of  them 
may  be  very  helpful  to  those  who  are  beginning  in  new  regions,  and  in 
many  cases  suggestive  of  new  methods  and  |)olicies  in  ohler  regions. 
It  is  important  that  we  define  them. 

Adequate  cultivation. — This  has  reference  both  to  water  reception  and 
water  conservation.  Wherever  the  rainfall  is  liable  to  cimie  in  heavy 
downpours  there  is  great  danger  of  loss  by  what  has  been  called  the 
^<  run  off."  This  will  vary  according  to  the  nature  of  the  soil  and  the  local 
topography,  but  even  under  the  most  favorable  conditions  it  is  a  great 
loss  unless  the  rains  are  very  gentle  and  occur  at  intervals.  When  the 
soil  is  hard  and  compacted  at  the  surface  it  acts  as  a  roof  and  sheds 
almost  all  of  the  water  into  the  drainage  channels.  The  writer  has 
seen  instances  in  which  rainfall  enough  to  send  moisture  to  a  depth  of 
several  feet  has  penetrated  only  a  few  inches.  Adequate  cultivation 
begins,  then,  with  the  opening  of  the  surfstce  for  water  reception,  and 
unless  this  is  done  the  game  is  stopped  at  its  beginning.  The  subsoil 
reservoir  will  never  be  filled  unless  the  cover  is  i)orous  by  nature  or 
rendered  s>  by  coarse  tillage  at  the  beginning  of  the  rainy  season.  * 

Adequate  cultivation  for  water  retention  means  such  treatment  < 
the  surface  after  the  rains  have  fallen  as  will  reduce  evaporation  to 
minimum.    A  compact  surface  layer  is  not  only  slow  to  receive  wat 
from  above;  it  is  also  quick  to  lose  it  by  surface  evaporation  as  it  rf 
progressively  from  below.    The  result  of  this  loss  is  the  deep  dr 
which  is  destructive  first  to  root  hairs  and  finally  to  the  whole  p 
A  loose  surface  layer  prevents  this  escai>e  of  the  moisture  into  tb 
and  increases  in  effectiveness  as  the  soil  is  more  and  more  finely  pv 


ized  and  as  the  loose  layer  becomes  deeper.  Cultivation,  then,  to  retain 
moisture  for  the  use  of  the  roots  of  trees  and  vines  during  the  dry 
season  consists  in  maintaining  a  deeply  pulverized  surface.  To  secure 
such  a  surface  pulverizing  once  is  not  enough ;  even  though  no  rain 
may  fall,  the  surface  will  become  recompacted  and  must  be  repulver- 
ized.  In  a  soil  thus  treated  moisture  is  always  i)re8ent  quite  near  the 
surface,  and  so  great  is  the  contrast  between  this  and  the  deep  dryness 
of  an  uncultivated  soil  that  the  impression  currently  prevailed  that 
cultivation  produced  moisture.  It  does  not  produt*^  it;  it  merely  pre- 
vents its  loss  by  surface  evaporation. 

Adequate  moisture. — Evidently  this  ccmdition  is  fulfilled  when  the 
natural  moisture  thus  faithfully  conserved  is  enough  for  the  season's 
needs  of  the  tree  or  vine.  This  moisture  may  come  from  rainfall  on  the 
particular  area  or  from  rainfall  supplemented  by  underflow  from  adja- 
cent catchment  areas.  How  can  it  be  told  when  there  is  enough  ?  The 
experience  of  the  arid  region  is  that  this  can  not  be  answered  by 
measurement  of  rainfall.  There  are  many  places  where  an  annual  rain- 
fall of  less  than  20  inches  is  adequate  for  the  full  growth  and  fruitage 
of  the  tree;  there  are  other  places  where  twice  and  even  thrice  that 
amount  will  not  obviate  the  necessity  of  summer  irrigation.  The  test 
of  the  matter  is  the  behavior  of  the  tree  during  its  full  cycle  of  growth 
and  fruitage. 

Eetentive  soiL — Another  condition  which  will  render  adequate  cultiva- 
tion effective  or  not  is  the  mechanical  character  of  the  soil.  The  soil 
must  contain  enough  fine  particles  to  make  it  hold  water  well.  Excess- 
ive fineness  makes  adequate  cultivation  difficult;  excessive  coarseness 
makes  cultivation  ineffective;  that  is,  the  soil  will  dry  out  in  spite  of 
it,  both  by  evaporation  and  drainage.  The  ideal  fruit  soil  is  a  loam, 
because  it  is  coarse  enough  to  be  cultivated  readily  and  fine  enough  to 
prevent  the  too  free  access  of  air  and  to  prevent  the  too  rapid  descent 
of  water  by  gravity.  This  favorable  condition  between  coarseness  and 
fineness  is  prevalent  among  the  predominating  light  loams  of  the  arid 
region,  in  the  alluvial  soils  of  the  river  banks,  ancient  and  recent,  and 
in  many  of  the  upland  soils  resulting  from  the  decomposition  of  the 
country  rocks.  It  is  the  highest  type  of  soil  for  almost  every  cultural 
purpose,  and  it  meets  its  highest  use,  perhaps,  in  the  growth  of  horti- 
cultural products,  because  they  command  highest  values. 

Beep  solL — The  third  condition  essential  to  the  highest  effectiveness 
of  adequate  cultivation  in  the  production  of  fruits  is  a  deep  soil.  This 
is  the  direction  in  which  the  soils  of  the  arid  regions  are  uniquely  emi- 
nent and  the  full  significance  of  soil  depth  is  only  now  coming  to  be 
recognized.  Rich,  deep  soils  have  been  prescribed  for  fruits  from  time 
immemorial,  but  formerly  this  conception  proceeded  chiefly  upon  the 
vast  amount  of  plant  food  thus  rendered  available.  Depth  as  a  condi- 
tion of  water  holding  is  not  less  important.  In  fact,  in  proceeding  by 
cultivatiou  to  escape  irrigation,  water  holding  is  the  ruling  functlou^ 
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because  any  amonnt  of  plant  food  is  aseless  without  adequate  mois- 
ture to  render  it  available.  It  is  proper  to  think  of  a  deep  soil  as  a  great 
subterranean  reservoir  as  well  as  a  great  storehouse  of  plant  food.  Into 
this  reservoir  the  water  sinks  through  the  surface,  roughly  broken  at 
the  beginning  of  the  wet  season,  passing  to  the  lower  strata  so  readily 
that  large  downpours  are  quickly  absorbed  and  a  large  volume  of  water 
is  thus  taken  below  for  the  use  of  the  trees  during  the  following  sum- 
mer. The  surface,  by  the  coarseness  of  the  soil  particles,  is  kept  from 
puddling,  and  can  be  replowed  or  cultivated  during  the  wet  season  if 
desirable  to  prevent  too  rank  a  growth  of  weeds,  or  to  turn  under  a 
green  manure  crop.  In  such  a  deep  soil  trees  and  vines  root  deeply,  a 
penetration  of  20  to  30  feet  in  soils  free  and  fertile  to  that  depth 
having  been  repeatedly  noticed  in  well  digging.  With  such  an  availa- 
ble water  supply  perfect  cultivation  to  prevent  loss  by  surface  evapo- 
ration will  enable  trees  and  vines  to  proceed  through  a  growing  and 
fruiting  season  covering  half  the  year  without  a  drop  of  rain,  always 
manifesting  the  fullest  thrift  and  vigor.  In  fact,  in  some  parts  of  the 
Pacific  coast  where  the  winter  rainfall  is  unusually  heavy  and  fall 
frost«  sharpest  cultivation  has  to  be  stopped  late  in  the  summer  to 
allow  a  certain  amount  of  drying  of  the  soil  to  induce  the  tree  to  stop 
its  extension  and  mature  its  wood  seasonably.  On  the  other  hand,  in 
other  parts  of  the  coast  with  less  rainfall  and  with  less  danger  of 
frosts  the  cultivation  cover  of  the  soil  reservoir  is  maintained  until  the 
opening  of  the  succeeding  rainy  season  to  supiiort  late  growth  and  to 
carry  over  a  part  of  the  conserved  moisture  to  protect  the  trees  in  ease 
the  following  year's  rainfall  should  be  scant.  In  this  deep  soil  storage 
of  water  lies  the  secret  of  the  drought  endurance  of  trees  in  the  arid 
region.  They  are  prepare<l  for  drought  by  deep  rooting  in  a  protected 
reservoir  of  moisture.  The  contrast  is  seen  in  the  behavior  of  trees 
on  uncultivated  shallow  soils  in  the  humid  regions  of  this  country  and 
Europe,  where  a  few  weeks  of  drought  destroys  vast  values  in  fruit 
crops  and  cripples  the  trees  for  following  years.  There  are  instances 
in  abundance  also  in  the  arid  region  where  the  soils  are  not  deep 
enough  to  form  such  a  reservoir  as  has  been  described.  For  these 
reasons  cultivation  can  not  always  guarantee  the  thrift  and  success  of 
the  tree,  but  unquestionably  in  orchards  which  have  been  kept  as  pas- 
ture fields,  or  where  very  slack  cultivation  has  been  practiced,  then 
are  many  instances  of  deep  soils  which  have  not  been  able  to  discharge 
their  proper  function  in  supporting  the  summer  thrift  and  fruiting  o^ 
trees  because  their  reservoir  cover  has  never  been  opened  to  receiT 
the  full  rainfall,  and  is  never  closed  to  retiiin  such  part  of  it  as  tb 
did  receive.  In  many  places,  therefore,  cultivation  may  compiet 
remove  the  necessity  of  irrigation. 


VTBBIf  IS  IRRIGATION  DBSIRABLB  ? 

Obviously,  when  the  best  work  for  moisture  reception  and  retention 
is  done  by  the  fruit  grower  and  still  the  tree  shows  distress  during 
drought  and  becomes  irregular  in  bearing  in  regions  to  which  it  is  well 
suited,  or  when  the  fruit  is  not  of  satisfactory  size  and  quality  even 
when  the  trees  are  properly  pruned  and  thinned,  it  is  usually  desirable 
to  secure  irrigation  to  supplement  the  natural  moisture  supply.  This 
assumes  that  the  study  of  the  behavior  of  the  tree  is  the  best  guide  to 
an  understanding  of  its  needs.  This  is  plainly  the  conclusion  to  be 
drawn  from  long  experience  in  Western  irrigated  regions.  While  it 
is  perfectly  true  that  there  is  a  direct  relation  between  the  normal  rain- 
fall and  the  need  of  irrigation,  and  the  general  prevalence  of  irrigation 
may,  to  a  certain  extent,  be  mapped  upon  the  curves  of  least  rainfall, 
it  is  also  true  that  large  rainfalls  do  not  necessarily  free  a  locality  from 
the  necessity  of  irrigation.  This  fact  has  been  foreshadowed  in  the 
discussion  of  cultivation.  If  it  should  appear  that  a  normal  rainfall  of 
15  inches  is  enough  to  assure  the  profitableness  of  deciduous  fruits  in 
some  valleys,  it  would  not  be  safe  to  assume  that  40  or  even  50  inches 
would  preclude  the  necessity  of  irrigation  in  others.  As  a  matter  of 
fact,  a  rainfall  of  40  inches  might  destroy  many  fruit  trees  on  a  level 
stretch  of  heavy  soil  by  long  submergence  of  their  roots  in  some  places, 
while  40  inches  in  another  place,  poured  upon  a  shallow,  unretentive 
soil,  might  not  bring  an  early  peach  to  perfection.  It  is  therefore 
unsafe  to  write  an  irrigation  prescription  upon  a  rainfall  record. 
Reasonable  accuracy  could  be  secured  by  a  formula  which  includes 
rainfall,  soil,  slope,  depth,  and  character,  summer  temperature,  and 
atmospheric  humidity,  and  the  age  and  character  of  the  tree;  but  this 
would  involve  wearisome  computations.  Moreover,  all  theoretical  fore- 
casts based  u[)on  computed  moisture  requirements  and  local  rainfall 
are  apt  to  include  wide  errors.  The  study  of  the  tree  and  its  fruit  is 
most  satisfactory,  to  the  practical  fruit  grower  at  least. 

From  wide  observations  in  many  regions  for  many  years  it  is  possi- 
ble to  mention  the  following  as  fundamental  facts: 

(1)  There  are  wide  differences  in  the  moisture  requirements,  not  only 
of  the  different  kinds  of  fruit  trees,  but  of  the  early  and  late  varieties  of 
the  same  fruit. 

(2)  Trees  of  the  citrus  family  require  much  more  water  than  those 
which  drop  their  leaves  during  a  part  of  the  year. 

(3)  But  all  evergreen  fruit  trees  do  not  require  more  water  than  all 
deciduous  fruit  trees;  for  example,  the  olive  will  bear  well  with  less 
water  than  is  required  by  a  peach ;  still,  satisfactory  olives  must  not 
be  expected  unless  the  tree  has  what  it  needs  for  free  growth. 

(4)  The  needs  of  all  trees  are  conditioned  upon  their  age  and  work. 
A  moisture  supply  which  may  bring  satisfactory  growth  to  young  trees 
may  not  enable  the  same  trees  to  bear  regularly  and  profitably. 
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Shallow-rooting  fruit  plaiitH,  even  if  well  cultivated,  may  periHli 

ig  a  drought  which  will  have  no  evil  effect  upon  fruit  trees  and 

8  on  the  same  Hoil,  because  of  the  deep  rooting  of  the  latter. 

vidently,  then,  conclusions  as  to  the  desirability  of  irrigation  must 

drawn  with   due  knowledge  of  the  general  requirements  of  the 

>wth  contemplated,  ivs  well  as  character  of  the  land  to  be  planted; 

t  there  are  specific  needs  of  the  tree  i)ertaining  to  its  different 

ases  of  growth  and  fruiting  which  are  also  involved  in  the  question 

when  irrigaticm  is  desirable.     Long  observation  of  these  phenomena 

i  a  region  where  there  has  been  extende<l  pracrtice  both  with  and 

ithout  irrigation  may  yield  some  facts,  widely  significant,  of  moisture 

equirement,  iis  learned  by  ])ractice,  to  compare  with  the  conclusions 

;ea<*.h6d  by  systematic*,  experimentation. 

EFFECTS  OF  IHSUFFICIEHT  MOISTUEE. 

POOR  oROvrrH. 

This  could  be  passed  as  an  obvious  suggestion  were  it  not  that  so 
many  fail  to  recognize  in  a  lack  of  moisture  the  cause  of  evil  manifes- 
tations which  they  try  to  explain  otherwise.  Tree  tonics  and  fertilizers, 
fungicides,  sometimes  even  insecticides,  are  a[)plied  to  trc^s  which  are 
simply  famishing  for  water.  Even  young  trees  will  show  too  light  a 
color,  or  the  outer  edge  of  the  leaf  will  die,  or  the  y<mng  shoots  will 
die  back,  not  for  lack  of  plant  food  nor  through  the  action  of  any 
blight  or  disease,  but  because  the  root  hairs  have  dried  off.  This  has 
already  been  mentioned  as  a  result  of  lack  of  cultivation.  It  also 
occurs  with  the  best  of  cultivation  when  there  is  no  uuiisture  to  be 
conserved  by  it.  I  >ie  bm:k  may  result  from  any  injury  to  the  root  hairs; 
it  may  be  caused  by  excess  of  water  in  the  soil  as  well  as  the  lack  of  it. 
Whenever  the  appearan<*e  comes  to  leaf  or  shoot,  the  moisture conditioD 
of  the  soil  should  be  first  learned  by  dec*p  digging,  and  when  the  spad 
strikes  the  hard,  dry  layer  or  when  it  thn)ws  out  dust  a  good  soakir 
of  the  soil  should  be  given.  In  many  cases  the  surface  may  be  tnell 
and  moist  and  the  subsoil  dry. 

Experienced  growers  soon  come  to  recognize  the  signs  of  distress  i 
famishing  tree.    Small  leaves  and  short  and  thin  wood  growth  are  p 
iiidications.    But  there  may  be  enough  moisture  early  in  the  seas^ 
enable  the  tree  to  escape  these.    In  midsummer  the  leaves  ma'' 
their  normal  aspect  and  be  slightly  curved,  limp,  and,  as  it  we' 
less.    Fading  and  wilting  will  ensue  unless  moisture  be  sr 
Water  should  be  given  before  these  signs  of  sicute  distress 

POOR  PRUIT. 

The  bearing  tree,  as  stated,  may  fail  where  a  young  trr 
only  wood  growth  may  do  well.    There  may  be  ample  mot 
in  the  summer  so  that  a  good  crop  of  fruit  may  set  aud  w 
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fbruied,  but  moisture  may  be  scant  later  wlien  tbo  tree  needs  it  in 
generous  amoaiit  to  fill  out  the  fruit  and  give  it  proper  Havor  und 
iii'oma.  Even  tLoagh  the  burden  of  the  tree  be  redat^d  by  proper 
pruning  aud  thinning,  it  may  still,  for  lack  of  moisture,  bear  only  small, 
tougli,  aud  ill-flavored  fruit.  The  preventive  for  tbia  is  irrigation 
applied  in  advance  of  tbe  need.  Such  a  check  to  {growth  can  not  be 
wholly  cured. 

nrrBRMiTTEirr  BBARINa. 

Lack  of  moisture  may  prevent  bearing  the  following  year.  The  full 
annual  duty  of  tlie  tree  is  to  i)erfect  its  fruit  and  topi-epare  lor  tbe  next 
year's  crop,  A  coiitinuons  moisture  supply  is  necessary  to  maintain 
activity  in  the  tree  until  this  is  accomplished.  Tbe  tree  will  make  a 
large  draft  upon  suil  moisture  while  making  new  wood  and  large  fruit, 
aud  if  moisture  fails  then  it  may  be  forced  into  dormancy  before  it  can 
tinish  good  strong  fruit  bads  for  the  following  bloom.  If  the  distress  be 
great  the  bloom  may  be  scant  or  even  fail  to  appear  at  all;  if  it  be  less 
there  may  be  full  bloom,  but  too  weak  to  set  tbe  fruit  well  aud  no  crop 
will  be  borne.  Uelieved  of  its  fruiting,  the  tree  will  make  new  wood  and 
fruit  buds  for  the  following  year.  Thus  the  tree,  owing  to  partial 
moisture  supply,  forms  tbe  habit  of  bearing  in  alternate  years.  Though 
this  habit  may  also  result  from  other  conditions  as  well,  it  is  a  fact 
amply  deuioustrated  by  experience  in  tbe  arid  region  that  inaulticient 
moisture  supply,  even  iu  rich  soils  aud  with  the  best  care  of  the  tree, 
will  cause  this  undesirable  alternation  of  bearing  aud  nonbearing,  and 
that  however  good  otlier  conditions  may  be,  regular  aud  satisfactory 
bearing  can  be  assured  ouly  by  tbe  presence  of  adetjuate  moisture. 

Any  of  tbe  foregoing  ap[>earances  and  behaviors  of  the  tree  are 
iudications  of  the  desirability  ot  irrigation  at  some  time  and  in  some 
auiount,  and  to  secure  tbe  best  results  from  fruitgrowing  they  should  all 
be  anticipated  and  prevented.  Kvidently  they  do  not  all  pertain  alone 
to  what  are  known  as  irrigated  regions,  buttbey  are  at  times  encountered 
by  growers  everywhere.  At  present  we  have  no  adequate  idea  of  how 
much  is  lost,  even  in  the  regions  of  suminerrains,  by  irregular  and  inter- 
mittent moisture  supply  of  fruit-bearing  trees  and  vines.  Great  as 
thefe  loBsea  nudoubtedly  are  they  are  capable  of  ])reveution  along  the 
lines  of  practice  which  have  been  learned  by  es|>erience  in  the  arid 
regions. 

WHEN  SHALL  WATER  BE  APPLIEI)  1 

Evidently  water  should  be  applied  in  advance  of  any  surtering  by 
the  tree.  It  is  a  mistake  to  allow  the  tree  to  fall  into  distress  and 
then  seek  suddenly  to  relieve  it.  One  advantage  of  irrigation  is  tliat 
it  may  save  tbe  tree  from  unseasonable  ellbrts  which  resnlt  in  irregular 
growth,  untimely  blooming,  etc.,  as  has  been  previously  mentioned. 
It  is  usually  too  late  t4>  apply  water  to  the  best  advantage  after  the 
tree  shows  tlie  need  of  it;  its  needs  should  be  aiiU<:.\\>aX^i^. 


WnfTBR  ntHiaATTON. 

Ill  tlie  wtinnvr  jiarts  of  tlie  itriil  region,  where  tliere  in  proper  char- 
ucttT  and  Kiitlicient  deptli  of  mi\  to  i-onstitute  the  frreat  sobBotl  reser- 
voir previously  descTibed,  it  is  possible  to  insure  the  decidnouB  tree  all 
the  moisture  it  iienls  for  months  by  I'ree  winter  irrigation  which  fills 
thiH  roHervoir  just  as  a  heavy  winter  niinfall  <-nnld  do  it.  There  has 
l)een  iibuudant  evidi-nve  i-ver  siiu-e  the  beginnin);  of  irrigstiou  by 
An)eri<'aiis  in  C'alirornia  that  mich  irrigation,  followed  liy  good  sum- 
mer cultivation,  will  l>eei1'ective  if  the  soil  is  retentive  enough.  Ueceiit 
vxiMrinient  in  Arizona  has  apjiroved  for  that  region  the  teocbinga  of 
exiterifnce  in  California.  While  the  det-tdnnus  tree  is  tlormaot  large 
amounts  of  water  <-au  be  wifely  appHeil  on  all.  esrept,  iierbaps,  heavy 
clay  KoilK,  mid  water  may  be  nse<l  at  a  tern iH-rat lire  which  would  cei^ 
tainly  l>e  tiMi  cold  to  use  while  the  tree  is  in  ac-tive  growth.  For  winter 
irrigutidii  frire  a)>plicatioii  at  intervals  snlbciently  b>ng  to  allow  deep 
jienetration  of  the  iiioisturv  is  necessary, 

SUBfMBR  IRRiaATIOH. 
When  the  use  of  water  shall  t>egiii  during  the  growing  season 
dejieiiils,  of  course,  niNin  the  churaeter  and  deptli  of  the  m)il  and  the 
iiee^ls  of  Ibe  jiarticubir  growth.  The  mtiue  voiidideratioua  already 
urged  to  ilelermine  wbetber  irrigation  is  nei-tled  itt  all  have  a  bearing 
upon  tliifi  iiiiestion,  because  earliness  of  ajiplicatioii  is  merely  a  degree 
of  that  neisd,  I'lider  Home  <roiiditions,  sne.h  ati  exeeptional  drougiit  in 
tlio  ari<l  ntgion,  it  may  be  necessary  Uy  irrig:ite  to  maintain  the 
spring  growth,  and  thereafter  at  intervals  of  about  a  month  dnring 
thewiioioHuniuiur.  Usually.liowever.tliere  is  natural  inoiatureenougb 
to  start  growth,  even  iu  the  driest  regions,  and  irrigiition  is  lirst  called 
for  to  give  pniper  Mizo  and  <(uality  to  the  eiirly  ri]>eiiing  varieties,  and 
I'riini   tliiit  on  lit  iiiterviils  I'or  llii'  ui^iintcn^iin  r  ,,i"  ■■  i  ■■■.■  (Ii,  I 
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of  growth  enongh  to  fill  out  fruit  buds  for  the  following  year.  One 
irrigation  at  that  time,  accompanied  by  a  summer  pruning  of  excessive 
wood  growth,  has  a  tendency  to  develop  fruit  spurs,  maintain  verdure 
and  leaf  action,  and  bring  the  tree  to  the  close  of  the  season  in  good 
condition  for  the  next  year's  bearing.  This  application  is  also  about 
3  acre- inches  of  water  per  acre. 

The  above  are  used  singly  when  either  one  or  the  other  seems  to  be 
all  that  the  tree  requires.  Where  the  need  is  apparently  greater  the 
two  are  given.  This  does  not  seem  to  be  a  deep  indulgence  in  irriga- 
tion, and  it  is  not,  but  it  is  great  from  the  fact  that  it  holds  the  secret 
of  profit  in  the  orchard;  first,  in  making  fine,  marketable  fruit;  second, 
in  laying  the  foundation  for  the  same  result  the  following  year. 

FALL  IRRIQATION. 

Fall  irrigation  for  deciduous  trees  is  found  advisable  where  the  rain 
resources  of  the  region  are  very  scant,  so  that  there  may  be  too  great 
drying  of  the  tissues  of  the  tree  during  the  long,  hot  autumn,  and 
where  prolonged  activity  of  the  tree  does  not  encounter  killing  frosts. 
In  some  such  places  the  too  early  dormancy  of  the  tree  is  followed  by 
undesirable  fall  bloom,  which  can  be  prevented  by  prolonging  fall 
growth  until  a  later  dormancy.  In  regions  of  greater  cold,  and  espe- 
cially in  the  interior  valleys  of  the  northerly  portions  of  the  arid  region, 
late  irrigation  must  usually  be  carefully  guarded  against,  because  it  is 
very  necessary  that  the  tree  should  become  dormant  early  and  fully 
harden  its  new  wood.  For  the  same  reason,  summer  cultivation  must 
stop  sooner  toward  the  Nortli,  so  that  a  degree  of  dryness  in  the  soil 
shall  warn  the  tree  to  complete  its  work  for  the  season  and  prepare  for 
frosts.  On  the  other  hand,  at  some  interior  Northern  points  it  is 
necessary  to  use  late  fall  irrigation  to  guard  the  tree  against  injury  by 
evaporation  in  dry  winter  atmosphere.  It  has  been  demonstrated  that 
trees  adequately  supplied  with  moisture  are  less  liable  to  winterkill- 
ing. These  lessons  of  experience  are  akin  to  others  previously  cited — 
that  adequate  irrigation  is  of  inestimable  value  and  that  excessive 
irrigation  is  dangerous. 

Quite  difi'erent  is  the  practice  with  autumn  and  winter  fruiting  trees 
which  are  by  their  nature  restricted  to  the  seiniti  epical  regions.  Fruits 
of  the  citrus  family  are  the  most  conspicuous  instances.  They  take 
almost  a  year  to  accomplish  what  the  deciduous  trees  do  in  a  few 
mouths.  The  high  summer  heat  which  ripens  Northern  fruits  brings 
vigorous  growth  and  development  to  the  citrus  fruit,  but  the  wonderful 
chemistry  of  the  ripening  processes  is  restrained.  It  is  reserved  for 
the  cooler  months  of  winter.  As  the  tree  has  no  Umf^  dormant  season, 
but  a  number  of  short  naps  at  intervals,  its  moisture  supply  must  be 
continuous  and  the  irrigator  must  be  ever  ready  to  supplement  the 
rains  with  irrigation  as  may  be  necessary  all  through  the  autumn 
months  and,  on  occasion,  even  into  the  winter  if  the  rains  fail.    Size^ 
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quality,  and  all  the  characteristics  of  a  i>erfect  fVnit,  in  winter  frnits 
as  well  a^t  iu  summer  fruits,  are  all  conditioned  upon  adequate  moisture, 
and  the  longer  the  growing  season  of  the  fruit,  the  more  water  neede<l, 
as  a  rule.  Even  the  olive,  which  stands  at  the  head  for  drought  resist- 
ance, will  shrink  and  shrivel  its  ripening  fruit  until  its  noisture  needs 
are  met.  The  amount  of  water  required  and  the  time  of  its  applica- 
tion dei)end,  then,  u|)on  the  nature  of  the  growth,  as  well  as  upon  the 
nature  of  the  soil  which  supports  it. 

FLOWnrO  WATSB  YEB8US  FALLDrO  WATEE. 

A  (|nestion  which  has  been  mooted  for  years  and  discusse<l  with  all 
the  force  of  prejudice  and  self-interest,  as  well  as  of  honest  doubt,  is 
whether  the  applic^ation  of  water  by  the  art  of  irrigation  is  as  gcMHl  for 
the  plant  and  the  fruit  as  application  by  rainfall.  The  ])ro]>08ition 
naturally  arrayed  rainfall  districts  against  irrigate<l  districts,  created 
disputes  about  land  values  and  over  land  buyers,  between  land  owners 
in  this  and  that  region.  Whether  irrigation  was  an  advantage  or  a 
misfortune  was  hotly  discussed.  The  question  is  now  i)racti(;ally  set- 
tled by  demonstration  to  l>e  found  in  the  experience  of  thousands,  that 
there  is  i)ractically  no  diffen^nce  between  water  that  Hows  and  water 
that  falls;  that  there  may  be  too  mucli  or  tin)  little  of  either  <me,  and 
evil  will  result  in  either  case.  Obviously,  with  irrigation  available 
there  is  always  at  first  a  disposition  to  use  too  much  water;  and  to  the 
unwise  use  of  water  are  due  the  evils  which  have  been  charged  against 
irrigation  as  such.  Some  of  the  phases  of  the  matter  are  worth  brief 
mention : 

(1)  The  claim  that  nursery  trees  gn)wn  by  irrigation  were,  from  that 
mere  fact,  inferior  was  based  upon  exi>erience  in  transplanting  trees 
which  liswl  been  unduly  forced  by  overirrigation.  Immense  growth  from 
the  bud  in  a  single  season  of  an  inch  and  a  half  in  diameter  and  10  feet 
in  height  tempted  buyers  who  wanted  to  get  as  much  as  iK)ssible  for 
their  money.  The  result  of  setting  out  such  trees  created  a  stronff 
prejudice  against  irrigated  nursery  stock.  It  is  now  clearly  seen  that 
moderate,  thrifty  growth  is  the  ideal  in  a  young  tree,  and  if  the  soil 
does  not  hold  rainfall  enough  to  secure  this,  water  enough  to  secure  it 
must  be  applied. 

(2)  The  claim  that  irrigated  fruit  is  lacking  in  aroma  and  flavor  was 
based  upon  observation  of  monstrous,  insipid  fruit  whic^h  lisid  been  forced 
into  such  abnormal  character  by  excessive  irrigation,  (xrowers  who 
c()n(!luded  therefrom  that  irrigated  fruit  was  necessarily  inferiiir  denied 
water  to  their  trees  and  gathered  small,  tough,  unmarketable  fruit, 
because  there  was  not  enough  rainfall  toenable  the  trees  to  iK?rfonn  their 
proper  function.  As  it  is  now  conceded  that  the  highest  (|uality,  inclnd- 
iiig  the  delicate  aromas  and  flavors,  can  be  secured  only  by  adequate 
moisture,  it  matters  not  how  long  since  it  fell  from  the  clouds  nor  by 
what  route  it  reaches  the  roots  of  the  trees. 
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(3)  The  claim  that  irrigated  fruit  coald  not  eudare  shipment  was 
based  npon  the  bruising  and  collapse  of  fruit  which  was  unduly  inflated 
by  overirrigation.  The  best  fruit  for  shipping  is  the  perfect  fruit,  and 
that  is  secured  as  just  stated.  The  fact  that  the  greater  part  of  the 
fresh  fruit  shipped  across  the  continent  from  California  has  been  more 
or  less  irrigated,  according  to  the  needs  of  different  localities,  has  settled 
the  point  beyond  further  controversy. 

(4)  The  claim  that  canners  objected  to  irrigated  fruit  was  based  upon 
the  early  experience  with  overirrigated  fruit,  which  lacked  quality  and 
consistency.  At  present  the  canners  encourage  irrigation  and  all  other 
arts  of  growing  which  bring  the  product  up  to  the  standards  they 
insist  upon. 

(5)  The  claim  that  irrigated  fruit  is  inferior  for  drying  has  the  same 
foundation  as  the  preceding  claims,  and  is  just  as  clearly  based  upon 
misapprehension.  Watery  fruit  is  obviously  not  fit  for  drying,  but  such 
firuit  is  the  fault  of  the  irrigator,  not  of  irrigation.  One  of  the  plainest 
deductions  from  experience  is  that  small,  tough  fruit  makes  unprofit- 
able dried  fruit,  and  that  the  best  development  of  the  fruit  is  essential 
to  the  best  results  from  drying.  Many  comparative  weighings  have 
shown  that  the  great.est  yield  in  dried  form  has  been  secured  from  trees 
which  have  had  water  enough  to  produce  good,  large  fruit.  Even  to 
bear  fruit  for  drying,  then,  the  tree  must  have  moisture  enough  to 
develop  size  and  quality.  If  lacking  moisture,  the  tree  serves  its  own 
])urpose  in  developing  pit  and  skin  and  reduces  the  pulp,  in  which  lies 
the  grower's  profit. 

It  thus  appears  that  so  far  as  growth  and  quality  for  various  uses  go 
there  is  no  peculiar  virtue  in  rainfall,  and  there  is  every  advantage  in 
wise  irrigation,  which  means  using  water  at  proper  times  and  in  proper 
amounts  and  at  proper  temperatures.  The  experience  of  centuries  in 
various  countries  shows  that  irrigation  water  is  often  superior  to  rain 
water  in  that  it  carries  greater  quantities  of  plant  food.'  Pond  and 
stream  waters  in  humid  regions  are  often  rich  in  nitrates,  which  are  the 
most  costly  and  stimulating  fertilizers.  The  surface  waters  of  the  arid 
region  are  also  notably  rich  in  potash  and  other  valuable  ingredients. 
No  doubt  in  many  instances  irrigation  water,  except  that  which  comes 
from  wells,  is  worth  in  manurial  content  as  much  as  it  costs  to  secure 
it,  leaving  its  more  obvious  benefits  a  net  gain  to  the  irrigator. 

DEVELOPMENT  AHD  ITTILIZATIOlf  OF  IBRIOATIOV  WATEE. 

Development  and  utilization  of  irrigation  water  on  a  large  scale 
involves  engineering  and  financiering  which  can  only  be  suggested  in 
this  connection.  Tliey  constitute  one  of  the  most  important  economic 
questions  of  the  day  and  are  deeply  involved  in  the  progress  and  pros- 
perity of  the  country.    Either  proprietary  or  cooperative  enterprises 

^  This  is  folly  described  by  Professor  King  in  Farmers'  Bulletin  46. 
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covering  considerable  acreage  reqaire  the  best  professional  guidance, 
and  losses  and  disappointment  have  resalted  from  neglect  to  secure  it. 
There  are,  however,  many  individual  eltbrts  in  the  development  of 
water  sufiicient  to  vastly  increase  and  improve  the  production  of  a  few 
acres,  which  can  be  profitably  undertaken,  perhaps,  on  the  basis  of 
brief  suggestions  drawn  from  the  experience  of  others. 

DIVERSION  FROM  STREAMS. 

The  earliest  irrigation  efforts  consisted  in  taming  aside  a  part  of  the 
flow  of  a  stream  into  a  ditch  leading  to  fertile  land  at  no  great  distance. 
An  obstruction  in  the  stream  sutticient  to  cause  this  diversion  was 
often  of  a  cheap  and  temporary  character,  which  might  or  might  not 
withstand  the  periodic  freshets — it  did  not  much  matter  whether  it  did 
or  not.  This  operation  is  very  simple  and  well  understood,  for  there  is 
no  particular  difference  between  a  diversion  for  irrigation  and  one  for 
turning  the  wheel  of  a  sawmill  or  gristmill,  except  that  the  irrigation 
diversion  is  usually  more  easily  and  cheaply  done  because  the  needed 
head  of  water  is  much  less.  The  ^'  millrace  "  of  the  Eastern  States,  as 
the  writer  remembers  it,  would  have  made  quite  a  respectable  irriga- 
tion canal  and  have  supplied  a  large  coloziy  of  irrigated  farms  in  the 
arid  region.  The  ^^  oi)en  ditch  "  cut  for  the  drainage  of  an  upland  swale 
on  many  Eastern  farms  would  carry  enough  water  to  irrigate  a  good 
large  streteh  of  meadow  or  fruit  land.  Anyone  who  understands 
enough  of  leveling  to  run  the  line  for  an  open  drainage  ditch  can  do 
the  same  for  an  irrigation  ditch,  and  the  cost  of  construction  is  the 
same.  When  there  is  but  slight  grade  to  the  land,  so  that  care  is  nec- 
essary to  strike  a  line  which  will  move  off  the  drainage  water  with  aa 
little  fall  as  will  promote  flow,  the  problem  is  exactly  the  same  as  to  take 
out  water  from  a  ]K)int  upstream  and  deliver  it  so  that  it  will  command 
the  greatest  possible  area  for  distribution  fVom  its  outfall.  This  ele- 
mentary lesson  in  irrigation  engineering  is  understood  everywhere  in 
the  humid  region,  and  yet  possibly  some  who  have  only  heard  of  irriga- 
tion as  something  practiced  on  the  Great  American  Desert  have  looked 
upon  the  taking  out  of  an  irrigation  ditch  as  a  mysterious  art.  It  has 
become  mysterious,  it  is  true,  through  the  maze  of  water  rights  and 
wrongs  in  the  laws,  and  it  becomes  wonderful  also  when  one  has  to 
consider  miles  of  construction  through  sand  and  rock  and  loss  by 
seepage  and  evaporation  and  all  that,  but  these  things  will  probably 
intrude  in  a  very  mild  form,  if  at  all,  in  the  class  of  small  irrigation 
developments  which  belong  to  individual  efforts  in  States  where  water 
is  nearly  as  free  as  air.  Many  an  idle  brook  can  render  very  valuable 
service  on  a  farm  without  losing  volume  enough  to  be  noticed,  or  if  the 
flow  be  lessened  it  can  be  reenforced  by  the  development  of  more  water 
along  its  upper  courses. 
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PUMPING  FROM  STREAMS  AND  LAKES. 

Where  large  streams  are  adjacent  to  fruit  lands  and  diversion  at  a 
sutticiently  high  level  is  not  practicable,  elevation  by  pump  to  a  proper 
lK)intfor  gravity  flow  or  direct  application  from  the  discharge  pipe  of 
the  pump  is  being  largely  resorted  to.  On  a  small  scale  current  wheels' 
and  modifications  of  the  Persian  pump  are  employed.^  The  latter  is 
readily  operated  by  horse})Ower  and  is  cheaply  made  at  home  with 
available  lumber  and  gearing.  These  contrivances  can  be  constructed 
and  installed  by  the  ordinary  farm  mechanic.  On  the  river-bank  lands 
in  California  very  large  steam  and  gasoline  pumps  are  used  both  for 
drainage  and  irrigation  at  different  seasons  of  the  year  as  either  is 
desirable.  Recently  capacious  pumping  plants  installed  upon  barges 
have  been  used  for  custom  pumping,  delivering  water  to  river-side 
orchards  at  a  reasonable  rate.  Hydraulic  rams  are  also  used  to  a  lim- 
ited extent  where  conditions  favor  them. 

A  very  interesting  way  for  taking  water  for  irrigation  when  the  river 
is  running  high  between  levees  which  i)rotect  reclaimed  land  is  the  use 
of  siphons  over  the  crown  of  the  levees.  To  cut  the  levee  would  be 
dangerous  and  flood  gates  are  few,  but  water  can  be  delivered  here  and 
there  by  the  siphons  as  desired.  Made  of  galvanized  iron  strong  enough 
to  resist  the  pressure,  the  air  is  exhausted  by  a  pump  and  the  water 
.flows  over.  Some  of  the  siphons  are  2  feet  in  diameter  and  deliver  a 
large  stream,  tliough  smaller  pipes  are  generally  employed. 

DEVELOPMENT  OF  UNDERFLOW. 

Many  streams  that  flow  along  over  beds  of  gravel  only  show  part  of 
their  water  to  the  i)oet  or  flsherman  who  sits  upon  the  bank.  There  is 
usually  an  underflow  beyond  all  expectations.  This  is  notably  the  case 
in  the  arid  region,  where  the  country  is  so  largely  made  up  of  rock  debris 
in  the  form  of  rock  powder,  sand,  and  gravel,  through  which  water 
readily  sinks  and  pursues  its  seaward  course  along  the  deeply  buried  bed 
rock.  If  there  be  a  water-tight  obstruction,  such  as  a  dam  of  concrete, 
placed  upon  this  bed  rock  and  brought  up  to  the  bed  of  the  stream  the 
underflow  will  rise  and  add  its  volume  to  the  ordinary  surface  flow  of 
the  stream  at  that  point.  In  this  way  in  the  arid  regions  large  irri- 
gation supplies  have  been  developed  in  the  beds  of  streams  which  in 
the  summer  consisted  of  dry  sand  and  bowlders  until  the  new  water 
was  brought  to  light.  Tbis  has  been  done  hundreds  of  times  and  has 
multiplied  irrigation  supplies  beyond  anticipation.  This  method  lies  at 
the  foundation  of  some  large  irrigation  enterprises  and  of  some  of  the 
smallest  individual  affairs  as  well.  Its  feasibility  depends,  of  course, 
upon  whether  there  are  water-carrying  media  below  the  bed  of  the  stream, 
and  that  can  be  ascertained  by  digging  or  boring.  If  such  be  found  and 
moving  water  be  discovered,  it  is  likely  that  the  stream  bed  is  a  reser- 
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voir  wliit^h  iieedn  only  a  becl-nKtk  dam  to  deliver  its  water  at  the  sarfhoeu 
It  is  :i  reservoir  of  most  excellent  clianM*ter,  bei*AUse  it  can  not  kiae 
wat(*r  by  evaiMiration  nor  capacity  by  de|M)8it,  nor  can  its  dam  be  dim* 
turb<Ml  1)y  IUkxI  or  prenHure. 

The  tunnel  18  another  agency  for  developing  underground  water  at  m 
chosen  delivery  point.  It  haA  lieen  aptly  called  a  horixontal  welL  It 
pursues  :i  spring  to  its  base  of  HupplieH;  it  intercepts  water  whhdi  In 
moving  <h)wn  iM^twcen  im|MTviou8  Htrata  and  bringH  it  out  where  it 
will  be  useful.  Many  acres  on  some  furniK  luyacent  to  the  hilla are  irrl* 
gate<l  by  the  tlow  fnmi  tunnels  and  the  water  is  necured  at  a  level  which 
admits  of  its  distribution  by  gravity  on  the  h)wer  lands. 

Perhaps  the  largest  aggregate  development  of  irrigation  water  from 
underth)W  in  the  humid  regions  maybe  realized  from  em  ph)y  tug  tile 
drains  as  fiMMiers  tor  farm  irrigation  works.  At  present  these  drains 
discharge  the  water  at  once  into  the  country  drainage  and  the  qalok 
transit  of  the  watiM-  t<»  the  livers  deveh)pe8  ruinous  tlooils.  It  would 
be  of  inestimable  advantage  t<i  hold  ])art  of  this  wat4*r  to  i*ender  valua- 
ble service  to  production  later  in  the  scik^oti  when  dnnight  may  oomOi 
Though  the  aggrcgati*!  may  be  great  as  stated,  tin*  realixation  of  it  will 
be  by  means  of  tens  of  thousands  of'  Nnuili  agencies  capable  of  being 
arrang<Ml  by  the  individual  farmer.  lie  has  his  tih's  to  relieve  upland 
swales  and  boggy  hillsides  of  their  sur])lus  water,  lie  <*an  oisily  col- 
lect this  water  in  a  homemade  reservoir  from  which  it.  may  be  distributed 
to  orchanls  or  small  fruit  tields  on  the  ri<*her  land  below.  In  this  way 
the  farmer  with  no  running  water  on  his])lace  nuiy  turn  his  higher  land 
int<»  a  catchment  reservoir,  which  will  deliver  its  area nndat ions  gradu- 
ally, so  that  they  may  be  easily  controlled  and  rendensl  available  at  the 
time  <»f  the  greatest  need.  All  this  presupposes  the  existence  of  farms 
comprising  u])Iands  an<l  meadow,  but  both  need  not  be  in  the  same 
ownership.  The  owner  of  lower  lands  can  otY^'U  use  his  neighlN)r'8 
higher  farm  as  a  catchment  area  by  taking  the  outilow  from  hisdraiuK. 
8uch  recourse  may  be  denie<l  to  the  plains  and  ]»rairie  farms,  but  they 
may  have  other  sources  of  supply,  as  will  be  suggested. 

PUMPING  FROM  TVELLS. 

Sinking  wells  into  water-bearing  strata  to  secure  irrigation  supplies 
is  now  being  resorted  to  as  never  before.  Xew  and  broailer  ciniceptioDS 
of  the  relations  <»f  subterraneiin  water  to  irrigation  have  recently  pre- 
vailed. This  follows  because  it  may  be  much  (rheaper  to  raise  water 
to  adjacent  towers  than  to  catch  it  in  a  remote  ravine  and  pi|)e  it  for 
miles.  However  this  may  be,  irrigation  undertakings  have  been 
recently  established  very  largely  upon  wells  and  ])ump8  or  upon  flow- 
ing wells,  wherever  they  can  be  had.  In  California  during  the  last 
three  years  there  have  been  ]>erhaps  ten  times  as  many  pumping  outfits 
set  up  for  irrigation  as  had  been  employe<l  during  the  whole  earlier 
irrigation  development  of  the  State.     Large  irrigation  companies  sank 
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groups  of  wells  and  pamped  fh)iD  them  into  their  distribnting  ditches 
and  flumes  when,  for  lack  of  rain,  their  immense  reservoirs  went 
dry.  Individaal  irrigators  sank  wells  and  bought  pumping  plants 
when  the  ditch  water  failed,  and  have  now  learned  the  superiority  of 
home  supply,  to  be  drawn  up  just  when  it  can  be  used  to  best  advantage, 
and  oftcT)  to  be  had  for  much  less  than  the  rates  of  the  ditch  com- 
panies. Large  regions  which  had  never  secured  irrigation  systems, 
and  doubted,  perhaps,  the  need  of  them,  were  forced  by  drought  to  seek 
water,  and  having  found  it  below  ground  in  ample  quantities  they  will 
not  fail  in  the  future  to  use  irrigation  as  a  supplement  to  the  rainfall. 
To  illustrate  this  advance  in  well  irrigation  very  comprehensive  data 
are  found  in  the  following  outline  of  a  systematic  inquiry : 

In  Santa  Clara  Valley,  one  of  the  Ifiading  fruit  regions  of  central  California, 
there  are  about  1,500  irrigating  plantM  of  all  kinds  in  the  valley  proper.  About  000 
of  thorn  have  been  put  in  (luring  the  i)a8t  three  years.  Many  of  them  have  centrif- 
ugal pumps  run  by  steam.  Tliese  are  the  larger  plants,  from  where  15  io  40  hornc- 
power,  and  in  some  instanceR  more,  are  used,  and  the  size  of  the  pnmps  ranges  from 
4  to  12  inches.  Most  of  the  smaller  pnmps  are  run  by  gasoline,  though  several  use 
crude  oil,  and  many  of  them  are  also  centrifugal.  Some  of  these  are  deep- well 
pnmps,  and  they  are  very  satisfactory  in  raising  water  from  a  greater  depth  than 
100  feet.     From  100  to  500  feet  they  work  admirably. 

The  cost  of  pumping  differs  materially  with  the  different  kinds  of  power,  sizes 
of  pumps,  and  depth  of  wells.  Figuring  from  what  may  be  a  safe  average  of  the 
actual  cost  of  fuel,  a  No.  4  pump,  centrifugal,  with  gasoline  as  power,  at  70  feet 
depth,  would  cost  $3  per  day.  This  would  result  in  600  gallons  per  minute,  36,000 
gallons  per  hour,  or  360,000  galloas  per  day  of  ten  hours.  Such  a  stream  of  water 
is  calculated  to  irrigate  about  5  acres  per  day  to  a  depth  of  a  little  more  than  2^ 
inches.  But  the^e  figures  being  of  the  best  experiments,  a  better  and  safer  estimate 
would  probably  be  4  acres  per  day  to  a  depth  of  about  2  inches. 

But,  generally  speaking,  it  is  safe  to  say  that  at  a  cost  of  about  $3  per  acre  for 
the  water  the  orchards  of  Santa  Clara  County  can,  under  the  present  process,  be 
irrigated  two  or  three  times  at  $6  to  $9  per  acre  per  year.  The  average  cost  of 
plant  is  about  $1,200.' 

Santa  Clara  County  is  a  region  of  rather  deep  wells  and  the  cost  is 
correspondingly  high,  both  for  the  plant  and  for  the  water  delivered. 
In  many  cases  the  cost  per  acre  will  be  only  a  fraction  of  that  given. 
But  even  the  higher  figures  are  below  the  cost  warranted  by  the  saving 
of  a  fruit  crop,  as  the  experience  of  individuals  has  shown.  These 
figures  are,  however,  used  as  a  standard,  because  they  are  a  deduction 
from  broad  data,  and  it  is  unwise  to  proceed  either  upon  minimum  cost 
or  maximum  value  produced. 

Over  large  areas  of  the  country  windmills  are  used  as  motors  for 
irrigation  pumps,  and  careful  accounts  of  their  efiiciency  are  available.^ 
They  unquestionably  serve  an  excellent  purpose  under  favorable 
conditions  up  to  the  limits  of  their  capacity,  but  irrigation  for  fruit 
growing,  except  in  the  family  garden  or  on  small  areas  of  small  fruits, 
is  proceeding  upon  the  basis  of  motors  of  higher  ef&ciency.    Gasoline 
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engines  are  being  nsed  even  up  to  a  capacity  of  5,000  gallons  of  water 
\Htr  miimte,  bnt  the  ordinary  ])lantA  are  lesR  than  one  U'nth  of  that. 
Crude  oil  engines  are  also  used,  and  steam  plants  using  small  stationary 
and  portable  engines  are  presse<l  into ^servi<^,  while  electric;  motors, 
along  long-power  circuits  from  generators  at  iraterfalls  or  other  great 
sources  of  iM)wer,  are  being  fully  employed.  Instances  of  the  proflta- 
ble  employment  of  all  these  agencies  are  abundant  all  through  the 
fruit  growing  districts  of  the  arid  region. 

STORAQE    OF    WATER    FOR    IRRIGATION. 

As  the  diversion  and  development  of  irrigsition  water  on  a  large 
scale  can  only  be  undertaken  with  ample  capital  and  the  In^st  profes- 
sional iidvice,  so  the  storage  of  water  in  large  volume  is  an  undertak- 
ing which  should  be  approac^hed  by  the  same  route.  There  have  lieeu 
so  many  disap|M)iiitments  and  such  great  losses  from  ill  advised  and 
hasty  planning  and  construction  that  the  public  should  have  teamed 
wisdom  in  this  direction.  Kven  some  of  the  smaller  reservoirs  have 
proved  to  be  so  insecure  or  leaky  or  subje<*t  to  rai)id  tilling  that  it  is 
clearly  seen  that  the  storage  reserv(»ir  must  be  lirst-class  in  all  the 
branches  of  its  engineering  from  li>catioM  to  construction.  Still,  the 
great  storage  reservoir  is  the  sole  hope  of  development  of  vast  arenas  of 
the  ])ublic  domain,  and  all  the  lesions  of  exiu'riencc  of  the  last  half 
century^s  irrigation  engineering  in  (3alitbrnia  will  l)e  helps  to  nnike  the 
new  work  effective. 

Hut  while  the  large  reservoir  involves  these  great  pn)b1ems,  the  small 
reservoir  which  will  yield  value  a  hundretlfold  its  cost  to  a  fiirm,  or  a 
small  group  of  farms,  i>erhH])s,  and  be  a  perpetual  suicty  of  protltuble 
production,  is  neither  expensive  nor  dilllcult  to  secure.  This  is  fortu- 
nate, because  the  small  distributing  reservoir  is  really  the  key  to  the 
satisfa<*tory  use  of  such  small  sources  of  water  as  an*  chictly  conteni- 
plat<Hl  in  this  writing.  To  distribute  water  satisfactorily,  which 
involves  even  spreading  over  a  considerable  area  in  a  short  time,  with 
the  best  results  to  the  land  and  tlu*  owner,  the  water  must  be  had  with 
a  c<Mtain  volume, or  ''head"  as  it  is  usually  ttunuMl  in  irrigated  regions. 
A  litth^  rill  from  a  spring  which,  if  left  ta  its  course,  niiglit  make  only 
a  little  sedgy  strip  across  a  fiehl  or  a  marshy  sp(»t  in  a  corner,  can  be 
led  to  a  small  wat<^r  tight  reservoir  and  it  will  accumulate  until  it  has 
a  V(»lume  which  can  be  spread  over  a  considerable  area  of  ground  and 
possibly  increase  ]>roducti(m  the  tirst  year,  because  of  the  irrigation, 
more  than  enough  to  pay  the  cost  of  the  reservoir  whit'Ii  collected  it. 
This  is  a  fact  often  shown  in  experience,  and  yet  niilli(nis  of  such  springs 
are  allowed  not  only  to  waste  themselves  but  destroy  much  good  land 
unless  drainage  intervene  and  the  water  only  be  lost.  Only  iieople 
who  have  learned  the  value  of  irrigation  (;an  a])preciatei the  value  of 
this  waste  and  the  ease  with  which  it  can  be  turned  to  profit.  Saving 
the  ])enuies  is  a  traditional  metho<l  of  wealth  gaining;  saving  the  droi>s 
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of  water  might  be  a  more  apt  illastration,  considering  how  hard  the 
pennies  are  to  get.  This  matter  is  so  important  and  so  attainable  with 
little  more  than  the  idle  time  of  man  and  team  that  it  seems  worth 
while  to  enforce  it  with  a  little  calculation:  A  little  spring  which  runs 
a  gallon  a  minute  yields  14,400  gallons  in  ten  days.  This  is  water 
enough,  if  kept  from  leakage  and  evaporation,  to  cover  half  an  acre  of 
ground  to  a  depth  of  1  inch ;  and  the  same  volume  flowing  continuously 
would  be  equal  to  an  annual  rainfall  of  36^  inches  for  the  same  area. 
Thus  a  trickling  stream  from  a  spring  becomes  a  measurable  factor  in 
production,  and  from  this  minimum  flow  and  acreage  one  can  easily 
calculate  what  large  flows  will  amount  to,  whether  they  come  from 
spring  or  windmill  or  other  source.  Simply  collect  the  water  into  a 
receptacle  of  known  capacity  and  note  the  time  required  to  All  it,  and 
calculations  as  to  reservoir  capacity  needed  and  area  which  may  be 
covered  in  the  distribution  are  easy.  Allowance  must  be  made  for 
evaporation  from  the  surface  of  the  water  in  the  reservoir.  The 
approximate  evai>oration  in  any  region  can  be  obtained  from  the 
nearest  station  of  the  United  States  Weather  Bureau.  Further  allow- 
ance must  be  made  for  loss  by  seepage,  whicli  will  vary  with  the  nature 
of  the  soil  in  which  the  reservoir  is  constructed,  and  the  manner  of 
constru(;tion,  which  is  discussed  under  the  following  heading. 

An  inch  over  the  whole  surface  irrigated  once  in  ten  days,  or  3  inches 
once  a  month,  according  to  the  depth  and  the  receptive  character  of 
the  soil,  will  insure  against  drought  and  increase  production  even  in  a 
humid  climate,  while  in  the  arid  region  it  will  establish  an  oasis  of 
fruits  and  vegetables  in  succession  through  the  dry  season.  In  the 
midst  of  such  surroundings  the  country  home  becomc^s  attractive  and 
beautiful  where  otherwise  it  would  be  bleak  and  desolate.  The  improved 
home  is  the  unit  in  the  computation  of  irrigation  advantages. 

THB  SMALL  RESBRVOIR. 

Obviously  the  small  receiving  and  distributing  reservoir  should  be 
above  the  highest  point  of  the  land  to  be  irrigated  and  below  the  source 
of  the  water,  except  with  pumping  outfits.  It  should  also  be  as  near  as 
possible  to  the  land  to  be  irrigated,  as  increased  distance  would  increase 
both  the  cost  of  conveying  the  water  to  the  land  and  the  loss  of  water 
from  seepage  and  evaporation.  The  flrst  thought  in  small  aflairs  in 
hilly  regions  is  to  imitate  large  undertakings  and  dam  the  natural 
channel  and  back  the  water  in  the  small  ravine  whence  the  stream 
Hows.  This  is  often  wise,  perhaps,  but  it  is  also  often  diflicult  to  escape 
loss  by  seepage  and  to  get  suflicient  capacity  without  too  high  a  dam, 
and  there  is  such  great  danger  of  washouts  by  excess  of  storm  water 
that  a  reservoir  out  of  the  course  of  the  stream,  to  which  water  may  be 
conducted,  is  better.  Excellent  suggestions  on  the  construction  of  the 
small  reservoir,  with  cross-section  drawings,  are  given  in  Farmers' 
Bulletin  No.  46.    In  a  coarse  soil  thorough  puddling  of  bottom  and 
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A  dirt  bank  and  bottom  Ia  the  best  and  least  expensive  of  all  substances  from 
which  to  construct  the  i>ond.  Surface  soil  is  the  best.  Clay  may  do  well  for  bot- 
toms, but  for  banks  it  is  UHeless,  because,  when  the  inner  bank  is  exposed,  clay  at 
once  cracks,  but  surface  soil  does  not. 

The  very  best  shape  for  building  easily  and  using  horses  and  scraper  is  an  oval,  or 
at  least  rounded  corners,  the  curve  such  that  a  team  with  scraper  can  easily  be  driven 
ill!  around  on  the  bank.  Having  marked  out  the  extreme  outside  limits  of  the  pond, 
if  it  be  iu  sod,  carefully  remove  the  sod  and  pile  it  up  out  of  the  way,  to  be  used  later 
on.  Then  thoroughly  plow  the  whole  space  where  the  banks  are  to  rest,  as  well  as 
the  pond  part ;  then,  with  cultivator,  harrow,  and  garden  rake,  work  down  as  fine 
as  possible  the  dirt  upon  which  the  bank  is  to  rest.  Keep  the  team  going  over  and 
over  the  bank  foundation  until  it  is  fine  and  packed  as  firm  as  possible.  If  the 
banks  are  built  upon  the  natural  surface  there  is  always  a  crack;  the  ground  must 
all  be  worked  for  the  banks,  from  the  bottom  of  the  pond  up  to  the  top. 

The  foundation  of  the  banks  being  made,  then,  with  team  and  scraper,  move  the 
plowed  dirt  from  the  bottom  of  the  pond  and  dump  it  on  the  bank;  start  the  bank 
12  feet  wide;  for  4-foot  banks  12  feet  at  the  bottom  is  not  too  wide,  and  the  top  at 
the  finish  will  be  about  3  feet  wide.  As  the  dirt  is  dumped,  Hpread  each  soraper  load 
evenly ;  break  up  every  lump,  work  it  fine,  and  fill  the  tracks  of  the  horses.  This 
settles  and  packs  the  banks  even  and  hard.  The  secret  of  good  banks  is  the  fining 
the  ground  and  keeping  it  level  as  the  banks  rise,  so  that  the  whole  is  uuiformly 
packed  solid.  The  horses  and  heavy  scraper  do  this  all  but  the  edges;  pack  the 
edges  by  walking  back  and  forth,  as  in  making  a  garden  walk.  The  dirt  from  the 
first  plowing  being  all  removed  from  the  pond  and  placed  evenly  all  around  on  the 
banks,  plow  deeply  the  bottom,  then,  with  harrow  and  cultivator,  make  this  dirt  as 
fine  as  possible  to  puddle  the  bottom.  This  bottom  dirt  being  all  fined  to  a  depth 
of  8  inches,  weigh  down  the  harrow,  put  on  your  rubber  boots,  and  turn  on  water; 
harrow,  harrow,  until  this  plowed  ground  is  a  thin  paste.  The  bottom  is  made,  and 
if  the  soil  is  loam  the  chances  are  that  it  will  hold  water. 

Put  in  the  sluice  box  or  iron  pipe  through  which  the  water  is  to  be  drawn, 
ramming  well  around  it  clay  and  choiiped  straw,  so  that  not  a  drop  of  water  can  fol- 
low along  the  outside  of  it. 

It  takes  time  to  make  a  pond.  Even  after  this  work  has  been  done,  time  is  required 
to  settle  and  solidify  bottom  and  banks.  Therefore  it  is  better  to  bnild  the  pond  in 
the  fall,  so  that  it  will  bo  ready  for  use  the  following  season.  One  of  the  very  best 
ways  to  ]>udd]e  the  bottom  of  a  pond  is  to  keep  the  bottom  damp  and  feed  cattle  in 
it  for  a  couple  of  months.  The  balance  of  the  banks  may  be  finished  at  leisure. 
Use  any  kind  of  dirt  which  is  most  convenient  for  completing  the  banks;  still 
surface  dirt  is  the  best  for  the  pond  and  best  to  start  grass  on.  When  the  banks 
are  as  high  as  the  horses  can  readily  walk  on,  then  take  the  sod,  if  you  removed  any, 
or  eod  or  stone,  and  build  on  the  outside  a  wall  2i  feet  high,  fill  iu  with  dirt,  and 
finish  off  the  bank  with  the  shovel.  Be  sure  and  not  fill  the  pond  up  rapidly  with 
water;  fill  it  up  6  inches  higher  every  day  or  two  and  draw  it  ofi';  this  is  to  settle 
and  firm  the  banks.  Until  grass  or  plants  can  grow  on  the  inner  bank,  to  ]>revent 
washing  down,  have  a  lot  of  loose  boards  fioating  in  the  pond,  and  see  to  it  that 
they  are  in  position  to  break  the  waves  when  the  wind  blows. 

Through  the  bartk  place  a  galvanized  sheet-iron  pipe  to  carry  oft'  the  water  when 
it  roaches  the  height  desired;  put  a  joint  in  it  at  the  outer  end,  to  let  the  water  down 
without  bein<^  blown  back  against  the  bank,  thus  washing  it  away. 

These  definite  details  are  given  to  show  how  easily  small  storage  of 
water  from  auy  source  of  supply  can  be  secured.  The  pond  above  de- 
scribed is  about  50  by  55  feet  and  4^  feet  deep.  Similar  construction 
can  be  carried  for  a  considerably  greater  area  with  safety  and  satisfac- 
tion.   This  reservoir  is  nearly  all  above  the  surface,  because  the  water 
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ll-u^  14'  iH'  utntud  rl<iMf  by  on  land  c»f  about  the  Mime  level.  Where  the 
T«>t«trrviiu  Kite  i^  ek*vated.  (>f  rourse  more  excavation  iiiid  less  bank 
luiiuiii.i:  vMv.  ht  eniploretl.  but  the  careful  puddling  is  UHually  iieces- 
e^uT}  i4  i«Ncu]if  daii^rof  leaking,  nnlesH  a  linin«;of  aHphaltum  orctnnent 
l^  ]»?^ier!t*<i. 

TAJUMO  THE  WATBR  TO  THB  LAND. 

•  (»i:vfyhu«r  <»f  water  from  the  reservoir  to  the  land  to  be  irrigate<l  is 
utu'niriilisLfMl  in  various  ways.  The  t^lieaiiest  in  point  of  first  outlay, 
bu:  :i.  M*iue  itssi^iects  the  most  wasteful,  is  the  o)>eii  dit<*li.  If  the  dis- 
luiKtf  lie  <x*Uf«iderable,  it  is  wasteful  of  watei*  by  seepage,  wasU^fuI  of 
iaiid.  Tri.»ul*le?iome  and  unsightly  in  the  rank  growth  of  wihhIs,  which, 
iuiWh'^  <arefiil]y  cleane<l  away,  ripen  much  see<l  for  the  water  t4)  s]>read 
<»\er  \ht  iirigate^l  laud.  Irrigation  water  vies  witli  the  wind  as  a  weed 
di^iJ'ibutMr.  Then,  too,  ditch  conveyance  depends  uikhi  the  grade  of 
\h^  Ikud  to  be  traversed.  If  it  is  iK)S8ible,  loss  of  water  can  Ik^  reduced 
liy  ] taring  the  ditch  with  stones  laid  in  clay,  or  it  may  be  renhMite<], 
b\}\  <}]]  it  lies  in  the  way  of  cultivation  aiul  will  vex  the<»wner  until  he 
ta^umujous  ciiurage  and  capitid  enough  to  put  in  a  line  of  *'pump  logs,'' 
'>;  round  tile,  or  cement  pipe,  or  steel  pipe  sunk  1h*1ow  the  reach  of  the 
pj'iw.  Which  will  be  best  in  land  which  frw'zcs  deeply  l(M*al  ex]>eri- 
eTj<-<r  in  water  piping  will  dei*ide.  In  the  irrigated  region  this  problem 
Mfldonj  intrudes,  and  all  sorts  of  pipes  arc  satisfactorily  used.  Riveted 
Me«-1  pi|»e,  with  size  adjusted  to  the  an*a  to  be  irrigated,  and  with 
valves  at  the  reservoir  and  at  the  discharge  imint,  is  the  best  arrange- 
ment. With  such  a  pii)e  water  can  be  carried  over  uneven  ground  by 
the  shortest  route  and  it  will  save  a  vast  amount  of  loss  and  trouble. 
Of  courS4'  all  this  is  esca})ed  if  the  reservoir  he  situate<I  at  the  highest 
|K>int  of  the  immediate  tract  which  is  to  1k^  irrigated,  but  there  may  be 
many  reasons  tor  having  it  at  a  distance. 

DISTRIBUTION  OF  IRRIGATION  TVATER 

The  distribution  of  water  on  land  tx)  be  irrigated  invoIv<*s  a  certain 
amount  of  engineering.  The  laying  out  of  a  syst4Mn  should  be  done  by 
a  conipet4Mit  surveyor  who  understands  the  regulation  of  the  fall  of  the 
ditches  according  to  the  soil  to  be  traversed,  the  volume  and  character 
of  the  water  to  be  carried,  etc.,  and  the  hovels  along  which  it  can  reach 
the  dilfcrent  ridges  by  which  it  can  be  handled  on  the  dilferent  irriga- 
tion faces,  if  the  surface  be  somewhat  uneven  or  rolling.  It  will  not 
pay  to  guess  at  any  of  this  work.  It  should  be  well  done  at  first. 
There  have  been  many  instances  of  loss  through  wrongly  located  ditches. 
Some  of  the  Ciirlier  systems  somewhat  hastily  laid  out  have  left  so  much 
land  above  the  ditches,  by  giving  the  water  so  much  more  fall  than 
necessary,  that  practically  a  new  system  has  be(Mi  laid  out  above  the 
old  one  by  carrying  the  water  higher  up,  as  it  should  have  be^sn  done 
at  first.  All  such  enterprises  on  considerable  scrale  <*all  for  professional 
advice  fi-om  irrigation  engineers.    Of  c^iurse  the  same  principles  hold 
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in  small  distribations,  but  one  need  not  greatly  err  in  the  application 
of  them  to  small  pieces  of  groaud  if  he  will  take  a  little  pains;  conse- 
quently some  suggestions  will  be  offered. 

There  is  little  ground  so  nearly  level  that  water  will  not  flow  over  it 
in  some  direction,  but  the  grade  may  change  so  that  distribution  should 
l)e  .arranged  from  different  secondary  sources,  or  if  distribution  be  from 
a  slight  ridge  water  may  be  taken  on  both  sides  of  the  same  source  for 
the  difl'erent  slopes  or  faces  which  are  to  be  irrigated.  The  eye  can 
not  always  be  trusted  to  determine  these  directions.  The  simplest  sort 
of  a  surveyor's  level  can  be  used  by  a  layman  for  this  work,  but  it  is 
also  possible  to  do  it  with  homemade  leveling  devices  which  should  be 
ou  every  farm  for  location  of  drains,  irrigation  ditches,  private  hillside 
roads,  grading  land,  or  anything  of  that  sort.  If  these  are  not  avail- 
able the  beginner  can  return  to  first  principles  and  take  along  a  little 
stream  of  water  with  a  hoe,  and  note  the  line  on  which  it  moves  without 
cutting  or  showing  a  disposition  to  back  up. 

Ditches,  flumes,  and  pipes. — When  the  supply  lines  of  the  land  are 
located  the  means  of  conveyance  are  next  to  be  decided  upon.  The 
ditch  is  the  clicapest  and  at  the  same  time  the  most  troublesome  and 
wasteful  of  both  land  and  water,  as  has  been  heretofore  shown. 
Though  the  ditch  is  largely  used  in  handling  large  heads  of  water  for 
the  quick  covering  of  large  areas  by  flooding,  for  the  handling  of 
smaller  heads  through  longer  runs  for  other  methods  of  application 
the  ditch  is  generally  superseded  by  flumes  or  by  pipes  with  hydrants, 
or  by  open  piprs  or  troughs. 

Flumes  are  sometimes  V-shaped  but  are  usually  rectangular  and  con- 
sist of  a  bottom  and  two  sides,  as  this  carries  the  water  in  good  form 
for  fre<iuent  diversion  and  openings  are  more  readily  contrived.  Some 
have  gone  to  considerable  expense  to  construct  these  flumes  of  cement, 
or  flat  stones  cemented  together,  because  of  the  imperishability  of  the 
materials.  Some  of  these  are  very  neat,  but  it  is  very  doubtful  whether, 
on  the  ground  of  durability,  they  are  worth  the  cost.  They  are  easily 
cracked  and  chipped  in  working  the  adjiicent  ground;  it  is  much  more 
diflicult  to  arrange  openings  and  to  close  them,  and  in  regions  of  hard 
freezing  they  would  probably  prove  anything  but  desirable.  The  de- 
cision of  irrigators,  generally,  is  that  a  well-made  board  flume  is  good 
enough  and  by  far  the  most  available  and  most  easily  repaired,  but  it 
is  very  important  that  the  flume  should  be  made  of  sound  lumber  of 
whatever  kind  is  least  liable  to  crack  or  warp  in  the  locality  and  will 
have  the  longest  durability  under  alternating  wet  and  dry  conditions. 
The  construction  of  the  flume,  the  grade,  and  the  character  of  the  open- 
ings will  vary  according  to  the  method  which  is  to  be  used  in  the 
application  of  the  water.  Constant  attention  should  be  paid  to  keep- 
ing the  Humes  in  good  repair  and  water  tight,  because  a  leaky  flume  is 
not  only  wasteful  of  water  but  is  a  menace  to  the  thrift  of  adjacent 
trees  by  exciessive  moisture.  Losses  have  occurred  by  carelessness  in 
this  matter. 
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DiRtribntioii  through  bane<l  \u\ye»  and  hydrants  ih  Hatisfactory  for 
flooding,  or  for  ase  with  ilosed  hose  and  sprinkling  attachments,  bat 
sprinkling  is  practically  unknown  in  the  irrigated  region  except  for 
lawns.  Even  for  small  fruits  and  vegetables  in  garden  practice  surfnce 
distribution  is  foan<l  to  be  much  sa|>erior  to  any  imitation  raintall,  in 
economy  of  water,  depth  of  i>enetration,  subse4|uent  stirring  of  the 
surface  to  check  evaporation,  and  the  condition  of  the  fruit  itself. 
Dry  air,  dry  surface  soil,  and  ample  moisture  at  the  root  are  found  by 
long  experience  to  be  ideal  conditions  for  i>erfect  foliage  and  fruit. 

Distribution  from  hydrants  with  large  oiieii  hose,  or  o|)en  galvanized 
pipe,  to  take  the  water  to  prepared  basins  around  the  trees,  or  to  con- 
nect hydrants  with  small  lateral  ditches,  etc.,  may  often  be  economical 
of  water  and  valuable  in  delivery  at  certain  desire<l  points,  but  little 
piping  is  actually  used  in  the  irrigated  region  except  to  convey  water 
to  points  from  which  it  is  distributed  by  tlumes,  or  small  dit<;hes. 
There  are  conditions,  no  doubt,  in  which  a  freer  investment  in  pi|)e 
than  is  now  made  would  be  profitable  in  the  end. 

PREPABIHG  LAHD  FOR  IRRIGATION. 

Having  thus  brought  the  water  to  the  distributing  ]>oints  on  the 
land  to  be  irrigated,  it  is  desirable  to  suggest  preparation  wiiich  will 
facilitiite  the  ease  and  evenness  of  application  to  the  whole  of  the  land. 
This  is  done  by  grading — not  by  leveling  nor  by  securing  any  given 
slope,  but  merely  to  correct  elevations  and  depressions  upon  ea<'h  slope 
or  lace  over  which  any  wati^r  is  to  be  run.  If  this  is  not  done  there 
will  be  sags  or  swales  in  which  too  much  water  will  collect  and  knolls 
or  humi)S  which  will  get  only  what  they  can  secure  by  capillary  rise, 
and  not  enough  to  bring  out  their  projier  production.  Such  work  as 
this  can  be  done  quite  boldly  in  the  arid  region,  because  the  soils  are 
usually  deep  and  of  uniform  fertility  to  consi<lcrable  depth.  To  plow 
and  scrape  off  knolls  into  sags  is  a  safe  ])roce^ding  as  a  rule,  though 
in  exceptional  cases  it  would  uncover  areas  of  infertile  subsoil.  In 
the  humid  regions,  this  can  not,  of  course,  be  so  widely  undertaken, 
because  the  soils  are  more  shallow  and  the  subsoils  more  refractory  and 
infertile,  but  so  far  as  feasible  the  land  should  be  graded.  For  a  small 
irrigated  area  which  is  naturally  exjiected  to  yield  high  value,  it  may 
be  profitable  to  haul  good  soil  in  to  help  bring  dei)ressions  up  to  grade, 
even  if  the  knolls  are  left  to  do  what  they  can  without  water. 

Drainage  of  irrigated  land  seemed  to  be  a  t\)olisli  an<l  wasteful  con- 
flict of  policies  when  irrigation  began  in  the  West,  but  later  exi>eri- 
euce  has  shown  that  unless  the  soil  is  very  deep  and  loose  and  the 
irrigation  wisely  ai)plied  there  is  considerable  danger  of  excess  of  soil 
water,  which  is  ruincms.  Even  deei),  loose  soils  may  be  practically  sub- 
merged by  seepage  from  leaky  ditches  and  excessive  irrigation  com- 
bined, for  there  are  large  areas  in  California  where  l>efore  irrigation 
was  introduced  it  was  necessary  to  dig  over  50  feet  for  well  water, 
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but  after  ten  years  of  irrigation  the  ground  water  rose  within  a  few 
feet  of  the  surface  and  made  iM)nd8  and  marshes  in  the  low  places. 
Tills  rise  of  the  ground  water  also  brought  up  corrosive  alkaline  mat- 
ters which  work  havoc  beyond  simple  water  injury.  It  is  quite  neces- 
sary, then,  in  many  places  to  arrange  drainage  for  irrigated  lands,  and 
(^specially  where  summer  irrigation  may  be  supplemented  by  copious 
rainfall.  Lands  which  need  drainage  to  dis|)Ose  of  surplus  rainfall  may 
doubly  need  it  when  irrigation  is  supplied. 

Preparation  of  land  for  irrigation  should  also  include  deep  tillage 
and  subsoiling.  This  is  also  desirable  upon  other  accounts  as  well,  but 
with  irrigation  it  is  essential  that  every  cultural  effort  should  be  made 
to  promote  deep  penetration  of  the  water  and  deep  rooting  of  the 
plants. 

METHODS  OF  APPLYING  IERIGATI09  WATER. 

Methods  of  irrigation  must  vary  according  to  the  amount  of  water 
available,  the  soil,  the  lay  of  the  land,  the  character  of  the  crop,  and 
there  can  be  no  best  method  under  all  circumstances.  With  the  experi- 
ence of  half  a  century  in  California  there  have  come  to  be  a  few  methods 
generally  recognized  to  be  best,  each  for  the  conditions  which  govern 
its  preference.  As  the  writer  is  most  familiar  with  these  methods  they 
will  naturally  be  chosen  for  discussion,  in  the  hope  that  information 
regarding  them  will  at  least  be  suggestive  to  those  who  may  be  con- 
templating work  along  irrigation  lines  in  other  parts  of  the  country. 
Points  of  value  in  a  method  must  include  the  following: 

(1)  Distribution  of  moisture  evenly  throughout  the  soil  mass  to  as 
great  a  depth  as  possible,  ])roviding  it  does  not  sink  beyond  the  reach 
of  the  ])lant  by  root  extension  nor  beyond  recovery  by  capillary  rise. 

(2)  Economy  of  labor  both  in  aggregate  time  and  in  the  feasibility  of 
operating  without  employment  of  extra  hands. 

(3)  Economy  of  water  in  the  prevention  of  waste  by  overflow  or 
evaporation  or  by  rapid  percolation,  and  in  placing  the  water  where  it 
will  do  the  most  good. 

(4)  Leaving  the  land  in  the  best  condition  for  att^iining  with  least 
labor  a  state  of  tilth  which  conserves  moisture  and  at  the  same  time 
favors  thrift  in  the  plant. 

Whichever  method  most  nearly  attains  these  ends  in  a  certain  soil 
Hud  situation  is  the  best  for  that  particular  case.  But  no  method 
nttains  them  all  under  all  conditions,  and  one  has  to  judge  which  con- 
sideration can  best  be  disregarded,  as  of  the  least  importance,  to  sec^nrie 
other  greater  benefits. 

PERMANENT  DITCHES. 

Permanent  ditches  are  an  old  means  of  applying  irrigation  water. 
They  are  led  out  from  the  main  ditch  wherever  the  water  will  follow  the 
hoe  at  about  the  right  speed  for  lateral  seepage  in  sufficient  amount, 
and  planting  is  done  alongside  about  as  far  as  the  influence  of  the 
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water  c^an  b<^  counted  on.  The  chief  claim  of  the  methcnl  is  e4*onoinyof 
hibor,  and  that  was  Bufticient  to  sway  the  minds  of  its  inventors  in  favor 
of  anything.  It  gives  a  very  uneven  distribution  of  water,  it  wastes 
both  land  and  water,  and  it  does  not  favor  soil-stirring  and  plant  thrift. 
It  has  no  stiinding  at  the  present  time  except  i)erhaps  iu^  a  makeshift 
to  grow  a  little  stulT*  in  a  corner  for  home  use. 

FLOODING. 

By  fl<M>ding  is  meant  surface  flow  with  very  little  restraint  or  guid- 
an(^e.  It  is  a  very  rapid  way  to  get  a  gocMl  deal  of  water  over  the  land, 
and  sometimes  rapidity  is  a  ruling  factor  when  one  has  only  a  short  ruu 
of  a  large  stream.  It  is  cheap  but  pro]N)rtionally  ilisagreeable,  because 
the  irrigator  has  to  work  in  the  water  and  use  all  his  strength  and 
speed  to  help  the  water  rea<*>h  all  i>oints — which  however  it  never  does 
in  e(iual  volume.  At  bei)t  the  surface  is  partly  well  soaked,  partly  dry 
places,  and  partly  mnd  holes,  and,  when  cultivation  follows,  the  plow 
turns  up  dust  and  mud  and  gcKKl,  moist  soil  in  varying  proiN)rtionH. 
For  grain  or  forage  crops  flooding  may  in  some  cases  l»e  a  defensible 
method,  but  the  check  system  is  vastly  better  even  if  somewhat  more 
costly.  Flooding  ha^s  cheapness  and  speed  for  its  chief  claims,  and  it 
sacrifices  all  the  other  points.  It  usually  reipiires  si^veral  hands — more 
or  less,  according  to  the  head  of  water  whi(*h  is  l>eing  handled. 

Flooding  the  orchard  is  sometimes  improved  by  turning  a  furrow  on 
each  side  of  the  spaee  between  the  rows  and  then  admitting  the  water 
to  one  row  spa<ii^  after  another.  With  this  slight  leveeing  more  even 
distribution  is  secured,  for  all  the  water  has  to  flow  in  a  thin  sheet  over 
tlie  ground  In^tween  the  furrows  and  has  a  iH^tter  «'hance  to  reach  all 
points  of  the  surface,  and  where  the  sIoikj  is  very  slight  it  will  work 
fairly  well.  The  furrows  protect  the  base  of  the  tree  from  contac^t  with 
the  water,  which  is  a  goo<l  thing.  Where  orchard  land  is  k<*pt  under  a 
(^>ver  crop  which  it  is  not  desirable  to  disturb  this  method  of  irrigation 
may  suit  the  conditions  very  well,  unless  the  land  is  proju^rly  checked 
before  the  crop  is  put  in,  and  if  this  is  done  it  is  not  called  tloo<ling  the 
land  but  ti(M)ding  the  checks,  which  will  be  described  later. 

Flooding  in  general  is  obviously  adapt4ed  to  land  which  will  take 
water  rai)idly,  because  the  run  is  short,  and  a  short  run  on  a  close  soil 
sends  the  volume  of  water  across  the  lower  edg*'  of  the  field  before 
much  penetration  has  been  secure<l.  Fl(K)ding,  therefore,  is  geuerally 
deceptiv4»,  and  the  land  gets  much  less  water  than  it  seems  to.  It  is 
(lire(!tlyop[K)se(l  to  the  furrow  system,  whieh  will  be  des(!ribed  i)resently. 
If  that  is  attem])ted  on  land  which  takes  water  too  readily  it  will  get 
much  more  than  it  S4*ems  to  get,  be<'.ause  tln^re  will  be  no  satisfa<*.tory 
lateral  seepage,  but  too  brisk  vertical  penrolation,  and  water  can  not 
be  carried  far  enough.  A  small  stream  will  run  directly  to  the  lower 
strata  and  out  of  n^ach  of  the  plant  if  the  soil  is  deep  and  rests,  as  is 
often  tiie  case,  on  coarse  sand  or  gravel.  For  such  a  condition  of 
afl'airs  the  check  system  is  better  than  Hooding,  as  will  be  seen. 
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Water  for  flooding  Is  diverted  wherever  desired  from  the  head  ditch 
of  the  area  which  is  being  irrigated.  This  is  comraonJy  done  with  a 
cut  in  the  side  of  the  ditch,  using  a  i>ortable  cloth  or  iron  daui  to  throw 
the  water  out  of  the  cut.  These  contrivances  are  a  great  im]>roveinent 
over  the  old  method  of  shoveling  dirt  into  the  ditch.  Some  make  a 
series  of  wooden  gates  in  the  ditch  which  can  be  slid  up  to  let  otit  the 
water  at  intervals.  Cement  ditches  and  buried  pipes  with  hydrants 
are  also  used  for  flooding.  The  capacity  must  depend  upon  the  extent 
of  the  area  to  be  flooded.  Wooden  flumes  are  also  used,  and  they  are 
very  desirable  because  of  ease  of  diversion,  and  with  a  good  flume  the 
head  of  water  can  be  handled  with  fewer  men. 


A  modification  and,  in  most  respects,  a  great  improvement  of  irriga- 
tion by  flooding  consists  in  the  use  of  what  are  called  checks.  It  is 
really  flooding  by  the  use  of  levees  which  check  the  movement  of  the 
water  and  restrict  it  to  definite  areas,  thus  giving  the  assurance  that 
the  water  shall  remain  on  this  area  until  it  sinks  out  of  sight.  It  has 
certain  manifest  advantages:  (1)  It  makes  it  possible  to  know  that  a 
certain  amount  of  water  has  actually  been  applied,  because  it  is  easy 
to  see  tlie  depth  of  water  which  has  stood  in  the  inclosure.  (2)  It 
enables  the  irrigator  to  (]uickly  spread  a  considerable  depth  of  water 
over  the  surface,  and  thus  bring  even  moisture  to  soil  so  leachy  that  a 
small  application  would  disappear  vertically  without  lateral  seepage. 
(3)  It  facilitates  the  use  of  a  large  run  of  water  in  a  short  time.  (4) 
It  gives  satisfactory  irrigation  where  other  methods  fail. 

The  development  of  the  present  systematic  check  system  from  its 
antecedent  flooding  system  was  gradual.  It  began  with  imiierfectly 
formed  levees  made  with  the  plow  at  irregular  intervals,  and  subject  to 
breaking  away  on  the  low  side,  because  the  water  collected  there,  and 
left  the  high  side  out  of  the  water  and  couseijuently  le^s  thoroughly 
soaked.  To  meet  this  and  replace  crude  methods  of  handling  water  in 
filling  checks,  improvements  have  been  made  in  the  system  until  at 
the  present  time  the  levees  are  quickly,  evenly,  and  strongly  made  by 
the  use  of  special  tools  and  methods,  and  the  handling  of  water  is  so 
successful  that  the  work  can  be  most  rapidly  done  with  little  chance  of 
break  or  runaway  water.  It  has  become,  in  fact,  a  model  of  even  dis- 
tribution of  water.  It  does,  however,  require  the  shifting  of  consider- 
able earth,  which  has  afterwards  to  be  worked  back  to  its  place  before 
cultivation  of  the  whole  surface  can  be  undertaken,  and  as  the  ground 
has  been  so  thoroughly  surface  soaked  it  must  be  worked  immediately 
upon  the  arrival  of  proper  condition,  to  escape  baking  and  a  cloddy 
surface  which  is  difficult  to  pulverize.  Fortunately,  however,  the  dis- 
position to  run  together  and  bake  renders  the  soil  better  adapted  to 
the  use  of  the  small-furrow  system  which  is  the  ruling  method  for  such 
soils.    All  forms  of  flooding  or  checking  of  cultivated  land  succeed 
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best  on  a  light,  coarse  soil  which  takes  water  most  eaflily  and  sniFers 
lea^t  from  water  standing  for  a  tinie  upou  its  aarface. 

Checks  along  (lontour  lines  are  little  ased  in  fruit  growing  at  the 
present  day;  they  are  epevially  atlapted  to  the  irrigation  of  alfalfa  or 
grain  fields.  Where  tbe  grade  is  slight  and  aniform  and  the  contour 
lines  are  nearly  parallel  some  fruit  lands  are  handled  in  tliat  way. 

The  prevailing  method  of  checking  orchards  is  to  disregard  contour 
lines  because  the  slight  departures  from  tlie  levid  can  he  eauily  met  by 
a  little  increase  in  the  height  of  the  levee  on  the  low  sides.  Levees 
are,  then,  usually  made  between  the  rows  so  that  each  tree  stands  in 
its  own  inclosure,  though  in  some  cases  the  checks  are  made  larger. 
Tbe  size  of  the  check  obviously  is  governed  by  the  sloi>e  of  tlic  gmiind. 
Thi'  success  of  the  check  system  depends  vtry  mucli  nt>on  being  thor- 
oughly ready  before  tbe  water  is  turned  into  the  hend  ditch  or  dunie. 
The  proper  thing  to  do  is  to  plan  the  operation  out  well  from  start  to 
flDish  and  have  the  ground  all  ready.  If  that  is  done  the  amount  of 
water  each  man  will  handle  is  very  great. 


Fin.  3.— oRldger"  Tor  lerm  maklnji  In  Iho  oh«k  •yilcm  of  lrrl){>Ung 


The  flrst  step  after  deciding  how  tbe  water  shall  be  rim  is  to  loosen 
tbe  surface,  both  fur  absorption  of  water  and  to  secure  plenty  of  loose 
soil  to  make  the  check  levees  or  ridges.  The  plow  is  often  used.  More 
recently  the  disk  harrow,  cutting  a  good  depth,  has  lie<^>nie  [mpular. 
Some  work  the  whole  surface  of  tbe  gronnd,  others  only  plow  a  few 
furrows  or  run  the  diskn  about  where  the  ridges  are  to  he  made.  If  the 
soil  i8(]uit<;  light  and  it  has  been  kept  well  cultivatc<)  the  latter  method 
will  do  very  well  and  save  time  if  tbe  checks  are  to  be  of  f^nod  size. 
There  is  what  is  called  "single chet^king,"  in  which  one  series cf  checks 
covers  the  ground  I'rom  the  center  of  the  interspace  of  one  row  of  trees 
to  tbe  center  of  another;  "double  checking'' is  that  in  which  twosencs 
occupy  the  same  spatte,  one  series  inclosing  the  trees,  another  being 
wholly  in  the  iitterspace.  Single  or  double  cheeking  dejtends  ujton  the 
slope,  the  more  rapid  tbe  slope  the  smaller  and  more  numerons  the 
checks  milled  to  hold  the  water  evenly  ujmn  tbe  whole  surface. 

The  ridges  or  levees  are  made  very  perfectly  and  ipiickly  with  tliree 
imtilements  for  horse  use;  the  "ridger,"  the  "jump  scrai>e,''  and  the 
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"crowder,"  wbich  cau  be  readily  described.  The  **ridger"  (fig.  3)  is  a 
sled  with  rather  deep,  solid  runners  made  either  of  plank  or  sheet  steel. 
These  runners  are  set  nearer  together  behind  than  in  front,  so  that 
when  moving  forward  the  quantity  of  loose  dirt  taken  in  front  must 
rise  to  escape  through  the  narrow  opening  behind.  The  result  is  that 
when  the  man  jumps  on  the  sled  and  starts  the  team  the  runners  sink 
in  the  loose  dirt,  and  as  it  goes  forward  this  dirt  is  left  in  a  ridge  in 
the  wake  of  the  sled.  As  the  platform  of  the  sled  is  rather  high, 
becrause  of  the  deep  runners,  it  can  be  run  again  over  the  same  ground 
and  raise  the  dirt  higher.  In  this  way  the  chief  work  of  the  ridging 
is  done  by  working  from  row  to  row  of  trees,  back  and  forth,  usually 
making  first  all  the  ridges  which  are  parallel  to  the  heail  ditch  or  at 
right  angles  to  the  flow  of  the  water.  When  these  are  all  made  the 
ridger  is  started  at  one  side  of  the  land  and  the  ridges  at  right  angles 
to  those  first  made 
are  put  in  and  the 
land  is  marked  off  in 
squares  like  a  check- 
erboard. 

The  checks  are, 
however,  not  yet 
ready  to  hold  water. 
Where  the  ridger 
has  crossed  the  first 
ridges  in  making  the 
cross  ridges  it  has 
broken  down  the 
first,  and  the  corners 
are  therefore  imper- 
fect. Repairing  of  these  corners  was  at  first  done  by  hand  shoveling, 
but  a  labor-saving  device  called  the  *'jump  scrg^pe"  (fig.  4)  is  now  widely 
used.  It  consists  of  a  slightly  curved  plate  of  steel  fastened  to  a  standard 
with  beam  and  hiindles  like  a  light  plow.  With  a  light  horse  a  man 
starts  down  through  the  checks  close  to  the  last  made  ridge,  and  as 
each  corner  is  api)roached  lie  sinks  the  handles  so  that  the  shovel  plat« 
takes  some  dirt,  and  at  the  right  point  he  throws  this  dirt  into  the 
corner  without  stopping  and  proceeds,  doing  the  same  thing  in  each 
imperfect  <5orner.  After  this  very  little  is  needed  to  make  the  checks 
all  water- tight. 

This  covers  tlie  whole  field  with  checks,  or  rather  with  square  areas 
inclosed  with  checks  or  check  levees.  To  handle  water  in  this  arrange- 
ment it  must  be  turned  into  the  highest  check  nearest  to  the  source  of 
supply,  and  when  that  is  filled  allow  it  to  spill  over  into  the  next  lower 
and  so  on,  or  else  the  water  must  be  carried  in  a  detachable  pipe  over 
all  the  checks  to  the  lowest  one  (fig.  5).  Fill  that,  take  off  a  length 
of  pipe,  fill  another  check,  and  so  on  until  the  top  check  is  reached. 


Fiii.  4.— "Jiinii)  stTuiKi"  uHwl  tocompleleleveoBinadeby  th«)  "ridger" 

for  the  check  aj'stem. 
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the  pipe  being  nn'oiinectediiipantime  over  the  next  fteriCH  of  checks. 
This  pi|K'  aiethml,  using  galvaiimtl  intii  i>i)>e  with  ttlipjojntH,  in  very 
satiiiliu-tory  where  the  grade  ih  rather  xhari)  and  iloiiblo  rtie<;kfi  are 
iiee<l4Hl,  ;»n»l  where  idiowing  tht*  water  to  rnn  from  clie<-k  to  (rheek  wonld 
Ih'  ahiiust  to  invite  a  break  away,  or  running  the  water  down  io  a 
<Iitt')i  ontsiile  of  the  checks  would  be  likely  to  piotloi'e  rutting  niid  mil 
Khilting. 

Where,  however,  the  grade  is  gradual,  tw  that  water  even  in  a  largu 
streiim  ean  Ive  Baft>Iy  let  down  in  a  ditcli,  the  arrangeinentH  for  Hlliug 
till'  chiTkH  fhtni  a  couimon  nonrce  and  i:ot  frnm  i-neli  oth4T  in  esnily 


made.  Midway  between  the  rows  of  trees  the  vidfter  in  run  Iwif^s  on 
jiarallel  lineit  a  little  iipart.  Tliia  nittkes  two  ridges  near  together  which 
an'.  «i»ily  made  into  a  ditch  by  the  nse  of  the  "erowder."  (Fig,  fi.) 
Thii''  is  a  V-^haped  implement  niadf  of  plank  or  iron,  liiteheil  to  the 
horse  hy  the  apex,  with  handles  from  a  erossbar,  and  usually  having 
one  long  arm  and  one  short  one.  It  is  merely  a  small,  ligiit  form  of  the 
V-si-raiM'i',  which  crowds  the  loose  dirt  between  the  ridges  to  each  side, 
thus  i-learing  out  and  dctining  a  ditch.  The  head  of  water  for  tilling 
the  i-heeks  is  turned  into  this  dit<:h,  and  as  it  reiwhcH  the  twocheukftat 
the  bottom  it  is  let  into  one  or  Imth  of  them  liy  rntH  in  the  levee,  and 
when  these  are  titled  it  in  diverted  into  the  elte^^^ks  jnst  above,  and  so 
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on  until  all  are  filled.  Sometimes  the  highest  check  on  one  nide  of  the 
ditch  is  opened,  then  the  next  on  the  same  Bide,  and  so  on  to  the  bottom. 
Then  returning,  tbe  checks  on  the  opposite  side  are  opened  one  after 
another  from  the  bottom  up  so  that  when  tbe  last  is  filled  the  irrigator 
ia  at  the  highest  point  ready  to  send  the  water  aloug  tbe  bead  ditch  to 
the  next  series  of  (^he<tl<><. 


Tbl8  ia  an  outline  of  the  work,  enough,  perhaps,  to  start  a  i>erson  of 
some  ingenuity  on  the  pathway  of  experience  where  he  will  learn  many 
little  and  important  things  in  the  bandting  of  water,  treatment  of  levees, 
etc.,  all  of  which  help  to  handle  a  stream  of  water  without  disaster  but 
which  can  hardly  be  taught  by  descriptive  words. 

BABIN  STSTBM. 
Tbe  system  which  has  juHt  been  described,  and  which  aims  to  apply 
water  to  the  whole  surface  of  the  gniund,  is  sometimes  called  a  basin 
system  because  tbe  water  is  held  in  small  iuclosures;  but  the  writer  is 
of  the  opinion  that  the  term  basin  should  be  restricted  to  inclosures 
which  do  not  aim  at  covering;  the  whole  surface,  but  only  a  small  area 
immediately  surrounding  the  tree.  What  has  been  called  tbe  check 
system  is  clearly  a  more  rational  and  perfect  method  of  flooding.  The 
term  "basin"  will  be  used  to  signify  a  method  which  was  apparently 
employed  at  first  to  escape  the  flooding  system  and  to  apply  the  water 
where  it  was  thought  to  do  most  good.  If  this  surmise  is  true  tbe  sys- 
tem is  founded  upon  a  misconception  which  has  prevailed  also  in  the 
practice  of  fertilization,  that  the  tree  derived  its  chief  benefit  from  the 
soil  immediately  surrounding  and  beneath  its  bole,  and  that  distant 
applications  were  likely  to  be  witsted.  Years  ago  it  was  held  that  the 
lateral  root  extension  of  a  tree  was  eijual  tn  the  spread  of  its  branches, 
but  recent  investigations  have  shown  that  under  favorable  soil  condi- 
tions the  root  extension  is  vastly  greater.  It  is  not  reasonable  then 
to  restrict  water  oi  other  plant  food  to  the  region  chiefly  occnpied  with 
the  stay  roots  and  not  the  feeding  roots  of  the  tree.  Another  error  of 
knowledge  and  judgment  as  to  the  movement  of  water  in  soils  was 
also  involved  in  tbe  early  recourse  to  the  basin  system,  and  that  was 
18302— No.  116 3 
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that  the  water  woald  remain  in  this  re^^ion  which  was  8iip|»o8efl  to  be 
of  most  service  in  the  growth  of  the  tre<*.  No  adequate  knowledjie 
existed  as  to  the  thirst  of  the  encompassing  dry  soil  and  the  moveuieut 
of  water  by  lateral  seepage.  It  is  true  that  one  of  the  miscronceptious 
or  errors  offsets  the  other  to  a  certain  extent  and  thsit  the  water  did 
move  toward  regions  away  from  the  trunk  and  thus  minister  to  the 
outer  root  extensions  to  a  certain  degree,  but  the  mass  thus  moistisneil 
was  in  such  small  ratio  to  the  dry  mass  surrounding  it  that  the  tree 
w:is  inade^iuately  served  and  was  continually  restricted  in  its  growth  by 
the  heat,  dryness,  and  im])enetrability  of  the  surrounding  mass,  and 
continually  losing  thrift  by  the  extension  of  r(N)tlets  into  a  i-egion  of 
alternating  drought  and  moisture.  The  teachings  of  exiN^ienc^e  and 
observati<m  were,  long  ago,  in  supi)ort  of  application  of  water  to  the 
whole  soil  mass,  except  in  very  young  trees,  but  even  with  these  the 
moisture  should  considerably  outreai^h  the  root  growth  until  the  whole 
is  moistened.  Even  where  the  basin  system  is  used,  for  reasons  which 
will  be  8tate<l  later,  it  is  still  a  tre<|uent  observation  that  basine<l  trees 
do  not  do  so  well  and  that  tiiey  show  distress  s<M)ner  than  those  under 
systems  which  secure  more  complete  water  distribution. 

The  basin  system  maybe  conceded  these  possibilities:  (1)  Trees  may 
be  grown  on  hillsides  too  stcei»  for  other  means  of  irrigation  unless  the 
hillside  be  previously  terraced;  (2)  the  basins  alford  an  opiM)rtunity  t«> 
use  a  very  small  stream  of  water  by  allowing  it  to  run  for  a  long  time 
in  each  basin,  thus  making  a  miniature  reservoir  at  the  biiseof  each 
tree;  (.'))  for  young  trees  a  small  amount  of  water  may  sustain  growth, 
while  with  other  methods  the  same  amount  of  water  would  be  almost 
wholly  lost  by  evaporation  or  i)er(*(»lation,  or  both;  (4)  the  ex|)6n8eof 
wider  application  of  water  and  the  necessary  after  cultivation  is 
obviated.  Against  these  it  may  be  urged  that,  up  to  a  certain  degree 
of  slope,  double  checking  will  serure  better  saturation;  tiiat  exinnience 
has  shown  it  to  be  dangerous  to  the  planter  to  grow  many  young  trees 
on  the  expectation  of  greater  water  supplies  to  meet  their  later  needs, 
unless  he  is  fortunate  en<mgh  to  sell  out  to  a  tenderfoot  l)efore  these 
needs  arrive;  that  whatever  outlay  may  hv  obviatrd  by  having  the 
larger  part  of  the  orchard  area  unstirred  is  a  hiMvy  discount  u|M>n  the 
future  growth  ami  j)roductiveness  of  the  trees,  and  that  basining  with- 
out <'uItivation  brings  the  soil  into  a  dense  unacrated  ccnidition  fatal 
to  plant  life  as  far  as  the  water  reaches,  whic;h  subsequent  cultivation 
rarely  brings  again  into  condition  favoriug  growth.  Hasining  difters 
from  tioo<ling  and  checking  in  this,  that  it  counts  on  shaping  the  water 
receptacles  not  oftener  than  once  a  year,  and  too  generally  looks  upon 
them  as  pennanent  structures.  Still,  it  must  be  admitted  that  there 
are  conditions  of  soil,  water  sui)ply,  and  topogra]»iiy  which  give  the 
basins  standing  as  the  best  system  available  untlcr  the  circumstances. 

In  planting  on  hillsides,  terracing  is  the  foundation  of  the  basin 
system.  Terraces  an*  ph)wcd  and  scrapcMl  ont  until  t hey  have  width 
enough  to  accommodate  a  line  of  basins  and  a  ditch  at  the  foot  of  each 
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bank  to  supply  tbeiti.  The  terraces  are  given  a  little  fall,  nlternating 
in  direction,  so  that  the  water,  starting  from  the  ridge  above,  is 
dropped  through  a  box,  or  otherwise  let  down,  from  the  low  end  of  one 
terrace  to  the  liigh  end  of  the  next,  and  so  on  until  the  stream  reaches 
the  bottom  of  the  slope.  As  a  basin  is  reached  it  is  filled  and  closed 
and  the  water  sent  along  to  the  next  and  so  on.  As  these  basins  are 
Usually  small  and  shallow  they  are  filled  two  or  three  times  in  succession 
at  each  irrigation. 

Terracing  in  an  arid  region  is  attended  with  objections  other  than 
the  cost.  The  banks  are  bare  through  the  dry  season,  excei>t  as  they 
may  be  tenanted  by  unhandsome  drought-proof  weeds,  and  are  very 
diiferent  in  appearance  from  the  grass-covered  slopes  of  the  humid 
region.  Nothing  can  be  grown  upon  them  except  at  too  great  cost  of 
labor  and  water.  Then,  too,  the  area  of  hard  surface  occasions  a  great 
loss  of  water  by  evaporation,  so  that  even  irrigated  trees  may  be 
stunted  by  drought.  The  soil  of  the  banks,  unrestrained  by  turf,  is 
olten  cut  and  washed  badly  by  heavy  rains,  and  then  fills  the  ditch 
and  basin  below  and  occasions  considerable  repairs.  Wherever  water 
can  be  handled  in  contour  ditches  or  furrows,  terracing  should  seldom 
be  undertaken  for  commercial  purposes. 

With  slopes  which  do  not  require  terracing,  basins  on  the  steei>er 
parts  are  largely  made  by  hand  labor,  after  plowing  to  loosen  the  whole 
surface,  and  the  operation  consists  in  moving  the  earth  from  the  upper 
side  of  the  tree,  so  as  to  form  a  circular  levee  on  tiie  lower  side,  until 
the  t'-ee  stands  in  a  level,  roundish  pan  as  large  as  can  be  made  with- 
out too  much  excavation  and  filling.  As  the  slope  becomes  less  the 
basins  enlarge  and  reach  a  diameter,  finally,  where  the  sides  can  be 
made  by  turning  a  small  horse  or  mule  around  the  tree  with  a  plow, 
the  rim  being  further  raised  and  shaped  by  hand  so  as  to  hold  3  inches 
or  more  of  wat«r  without  danger  of  breaking  away. 

The  basins  are  filled  with  a  small  stream  by  ditch  or  hose  or  in\)e 
line,  according  to  the  ground  and  notion  of  the  irrigator.  They  are 
filled  at  such  intervals  as  the  water  supply  admits  or  the  growth  seems 
to  need.  The  basin  bottom  is  rarely  disturbed.  The  cracking  soil  is 
finally  given  another  dose  of  water  to  close  up  its  wounds;  meantime 
the  frequent  surface  soaking  puddles  the  soil  and  the  condition  unfavor- 
able to  growth  arrives  sooner  or  later,  according  to  the  disposition  of 
the  soil  to  run  together  by  water  settling.  Drying  and  cnicking  is 
lessened  by  filling  the  basin  with  manure  or  rotten  straw  or  other  light 
rubbish,  or  by  a  layer  of  coarse  sau'l  on  the  bottom.  As  the  tree  grows 
the  foliage  shades  the  basin  and  thus  reduces  eva|K)ration. 

LARGE-FURROTV  878TEM. 

Next  in  order,  perhaps,  to  the  systems  which  involve  levee  construc- 
tion should  come  the  more  or  less  ]>ermanent  waterways  near  the  trees, 
which  may  be  considered  one  phase  of  a  furrow  system.  (Fig.  7.)  In 
one  forip  it  is  a  very  old  method,  viz,  taking  out  water  wbere^^^  \X» 
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would  Tollow  unirruw-  Ht  tUe right  Hgieedand  planting  adjac-ent  ground, 
relying  upou  tlie  seepage  fh>in  tbe  ditch  thus  luarked  out.  This  ban 
Iteen  discussed  iilready .  A  method  which  iierhapn  Itelotigs  to  tbe  same 
class,  aud  yet  is  as  marked  lui  improTement  u{>on  its  pmt(>ty|>e  ai 
thr  check  system  is  upon  Hooding,  ia  the  targe-furruw  Irrigation. 
It  lias  two  main  divisions,  the  contour  ditch  on  hillBidea  nod  tbe  raid- 
row  ditvli  on  tbe  level.  Tbey  both  act  by  seepage,  ae  did  the  old 
peruianeut  ditcb,  bat  tliey  dift'er  from  it  in  l>eing  frequently  broken 
np  by  cultivation,  which  removes  the  chief  objectionable  feature  of  the 
old  ditch. 


On  IiillsuleH  the  furrows  are  sometimes  allowwl  to  riniiuin  during  the 
rainy  season,  because  lliey  oHer  a  convenient  way  to  cany  down  storm 
water  and  prevent  cutting,  lint  tliey  are  tiiontnglily  olilitentted  by  the 
sprint;  plowing  uiid  cultivation,  and  reopened  when  irrigation  mast 
begin,  nbout  two  months  Inter.  Tbe  new  furrows  will  probably  not 
occnpy  the  same  ground  imlbeold,for  tlie  line  may  Htarl  above  at  a  dif- 
ferent ]ioiut,  nnd  in  tbe  rougli  leveling,  wUii;li  is  dmii^  partly  by  the  eye 
and  partly  with  llie  tinrvcyor's  level  ortlie  triangle,  tlicre  wilt  l>e consider- 
able variation  from  the  |>revioun  M'asuti'H  lot^ating.  The  locating  it 
approximately  on  fonbnir  lines,  but  with  such  lull  therefrom  as  will 
carry  the  water  without  too  much  sjiei'd  and  facilitate  lurniug  at  tb9 
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boandaries  of  the  area  being  irrigated  to  deliver  the  water  into  a  lower 
farrow  which  recrosses  the  irrigation  surface.  Thus,  the  general  plan 
is  an  irregular  zigzag  by  which  the  water  passes  from  the  supply  at 
the  top  of  the  slope  to  the  outflow  at  the  bottom,  running  slowly  enough 
to  saturate  ail  the  soil  to  the  bed  rock,  which  is  usually  not  far  below, 
and  which  assists  in  the  lateral  distribution  by  the  underflow  along  its 
surface.  Sometimes  the  water  is  let  down  by  a  zigzag  on  each  side  of 
the  irrigation  face  (irrigated  area)  and  furrows  connect  one  zigzag  with 
the  other,  the  outflow  from  a  higher  area  being  caught  by  a  zigzag  on 
a  lower  face  and  thus  distribution  is  accomplished  over  hillsides  with 
several  difl'ering  slopes. 

The  efficacy  of  this  single  furrow  or  ditch  is  due  to  the  fact  that 
the  bed  rock  prevents  the  escape  of  the  water  downward  and  the 
slope  of  the  rock  promotes  lateral  distribution.  In  some  cases,  also,  the 
bed  rock  consists  of  plates  standing  on  edge,  between  which  excess  of 
water  sinks  and  the  roots  follow  it.  Where  the  rock  is  a  flat  plate  at 
small  incline  there  is  sometimes  injury  from  accumulation  and  retention 
of  water,  and  drainage  is  necessary,  while  a  comparatively  short  time 
thereafter  irrigation  is  again  necessary,  because  the  shallow  layer  of 
soil  can  not  long  hold  water  against  capillarity  and  evaporation,  even 
though  the  surface  cultivation  may  be  good.  The  furrows  for  this  style 
of  hillside  irrigation  are  usually  put  in  with  a  doublemoldboard  plow, 
following  a  line  of  stakes  previously  located.  On  regular  slopes  the 
trees  could  be  planted  approximately  on  contour  lines  to  faciUtate  this 
annual  furrowing,  but  for  the  purpose  of  having  the  trees  equidistant, 
to  evenly  divide  the  ground,  and  facilitate  cultivation,  the  planting  is 
generally  done  in  equilateral  triangles.  When  the  furrow  is  put  in  for 
irrigation  it  may  follow  a  line  of  trees  for  a  time  and  then  shoot  across 
the  row,  one  way  or  another,  to  follow  the  grade  desired  for  the  water. 
It  does  not  matter  much  to  the  tree  where  the  ditch  runs,  for  the  whole 
ground  is  to  be  saturated  in  the  way  described  above. 

The  point  of  greatest  difficulty  in  the  use  of  this  system  is  to  secure 
a  good  turn  for  the  water  at  the  end  of  the  grade.  The  turn  is  often 
quite  sharp  and  the  water  is  liable  to  cut.  This  is  sometimes  prevented 
by  spreading  pieces  of  old  sacking  over  the  dirt  and  sometimes  a  bunch 
of  swale  hay  or  other  flbrous  material  bedded  in  the  turn  holds  the  soil 
fast.  When  the  waterways  are  thus  well  fixed,  after  the  rains  are  over 
and  the  starting  of  weeds  is  very  scant,  the  orchard  may  be  left  with- 
out further  cultivation  for  the  balance  of  the  season,  water  being  applied 
to  the  ditches  once  in  two  or  three  weeks,  according  to  the  ascertained 
needs  of  the  trees  on  tbe  particular  location  and  soil  involved. 

Large  furrows  on  level  lands  are  chiefly  used  where  only  a  few  <ippli< 
cations  are  necessary  and  the  trees  are  of  sufficient  age  to  occupy  all 
the  ground.  To  interfere  then  as  little  with  the  cultivated  surface  as 
possible  deep  ditches  are  plowed  out  midway  between  the  rows  and  a 
good  deal  of  water  is  turned  in  to  fill  all  these  ditches.    As  the  water 
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sinks  iiway  t)w*y  an'  n^fllliHl  to  wliiitever  siiiioiiiit  tlu*  tn^'s  nu*  tlimight 

in  ii(*e(K  oitlier  tor  cnliir^iii^thc  fruit  or  f(»r  (;oiitiniiiii^  the  late  siiiiiiner 

^rowtli.    This  iiuitliod  of  applying  water  is  i^liirtly  iis4h1  for  deciduous 

trees  wlicH'Vor  a  limited  ainonnt  of  Irrigation  is  required  to  supplement 

rainfall  and  not  where  systematic  irrigation  is  tlie  ehief  de|NMidei:ce. 

For  lauds  whieh  take  water  (|uiekly  this  uu^thtNl  is  believed  to  foster 

deep  rooting  anil  for  old  trees  it  seems  t<»  serve  an  excellent  purpose. 

It  re(|  aires  a  iMUisiderahle  volume  of  water,  such  as  ean  be  had  by  pump 

iufi^  from  rivers  upon  the  orchards  near  tiie  banks  or  from  eapueious 

wells  elsewhere.     It  re(|uin*s  vastly  less  work  than  checking,  Inith  in 

preparation  of  the  ^i-ound  and  iu  subsetjueut  cultivation. 

The  larp*  furn»w  nu^thiNl  prevails  with  small  fruits,  and  where  the 

ground  is  level  is  used  for  «'ertuin  distances  with  outward  and  return 

llow  in  alternate  lows,  tin*  furrows  bein^  deepened  enoiifi^h  at  o]iposile 

ends  to  allow  of  a  slow  movement  of  the  water  during:  which  st^pa^^e 

saturates  tin*  sli^^ht  ridges  between  the  furrows,  upon  whieli  the  small 

fruits  are  set.     If  this  is  not  a<lmissil»l(*  the  furrows  arc  each  ffiven 

wat4'r  from  the  flume  or  head  ditch  at  one  end  until  suMicient  saturation 

has  been  reached. 

SMALL-FURROW  SV8TEM. 

This  is  the  nu)st  |N)pular  of  all  systems  in  i'alifornia,  and  would  be 
almost  universal  if  it  worked  well  in  all  soils  iwhi<'li  it  does  not).  It 
HMpiires  land  in  which  vertical  {mm eolation  is  not  excessive  and  lateral 
mov4'ment  is  2ule<]uate.  Its  unit  is  a  small  lill  of  water  running  for  ii 
Ioii^j:  time,  tillint^  the  •ground,  whi<-h,  whih'  it  becomes  gradually 
saturated,  still  allows  the  small  surplus  to  continually  proceeil.  The 
irri^atiiui  is  accomplished  by  multiplying  tlics(>  rills,  each  doing  its 
own  work,  with  the  result  that  as  they  all  leach  tin*  bottom  of  the 
tirade  the  whole  area  is  d«'eply  and  tlioron;:hly  soak<*d.  If  pro|>erly 
done  no  water  has  tlowed  ov(*r  the  surface  and  it  is  possible  also  t<»  so 
n^gulate  the  wat4»r  that  very  litth*  llows  away  at  the  lower  end.  This 
result  is  impossible  on  land  that  swallows  up  a  small  stream  so  that  it 
mi;:lit  run  for  days  and  never  ;;ain  more  than  a  tew  tVet  of  distance. 
It  is  also  impossible  upon  a  ;;ra<le  over  which  water,  unehecked,  eould 
flow  without  peiM^tration.  Whert'  a  small  stream  of  about  a  gallon  a 
miniitt*  will  run  so  slowly  that,  always  losing  water  and  yet  never 
being  itself  lost,  it  will  follow  a  furrow  sometliini:  HUe  10  rods  in  about 
twenty  tour  hours,  the  soil  and  the  grade  are  liotli  suited  for  this 
method  of  irrigation.  Of  course  the  si/e  ot'  the  stream  must  be 
adjusted  to  the  soil  and  the  slope,  bnt  the  ;:eneral  measure  given 
contain^  a  rough  indication  of  titness. 

'rh4*  advantages  of  the  small  i'nri-4iw  syst4'm  of  iirigation  tor  land 
\\lii4'li  it  is  int4Mi4le4l  t4)  k4'ep  with  a  bare  suira4'e  fi-ei|neiitly  stirre4i,  will 
iii4'Ind4*  tlu- tollowiug:  tl)  It  thoroughly  soaks  th4*  grnnii4l  and  accom- 
plishes 4»veu  4listribntioii  witlumt  saturating  the  surface.  By  the  water 
4lrawn  up  fr4>in  tin*  litth'  stream  in  tli4'  bottom  of  tli4*  t'urr4>w  the  surface 
.soiJ  1.^    I  ally    uu:i..teiUHl,  but  4l4>es  not   run  t4»;;etli4>r  as  it  W4)uld  with 
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WHter  standing  apon  it;  (2)  tlie  diNplacement  of  tlic  soil  is  reilucet]  to  a 
miiiiuum,  <-4)ii»ci|uci)tIy  the  litbor  in  itlso  thns  reduced,  ivutl  tlie  coec  is 
leBB  than  of  any  otlicr  iiietliod  whicli  didtributex  no  evenly  and 
tliorouglily;  {li)  there  in  no  rellectioii  of  tlie  sun  from  a  water  HnHac« 
and  no  excessive  collection  of  water  at  the  bawj  of  the  tree,  or  contact 
of  standing  water  wiih  the  bark,  all  of  which  are  believed  to  be  causes 
of  injury  to  the  tree;  (1)  with  the  surface  well  prepared  the  distribn- 
tion  is  almost  antomatic  and  maybe  lefl.  to  itself  for  hours  if  necessary; 
(5)  cultivation  after  irrigation  can  be  begun  sooner  and  the  land  brought 
to  flue  surface  tilth  at  less  cost  tiian  with  any  other  system  which 
would  give  equal  moisture  to  the  same  kind  of  land. 

Apjilication  of  wiiter  by  small  furrows  is  greatly  facilitated  by 
sptfnal  arrangements  which  are  now  almost  universally  nsed  in  Cali- 
fornia orchards  worked  by  this  syst«ni.  One  is  tliPArran^ementof  the 
flume  which  is  to  feed  the  furrows  nnd  which  extends  along  the  high 
side  of  the  area  to  bo  irriyiiitwl.    These  Hnmcs  lue  made  either  of 


eemcnt  or  boards — the  Intter  generally  pn-ferrcd,  berause  easily  made 
and  being  bnt  partly  below  the  surface,  can  deliver  water  to  the  far- 
n>«s  more  easily  than  a  cement  ditch  nearly  Hush  with  the  ground 
surface;  besides,  o[>enings  nnd  gatec  to  adjust  the  amount  of  water 
allowed  to  escaiie  are  more  easily  contrived.  Twi>  things  are  essential 
to  the  even  delivery  at  all  openings  of  the  same  size:  First,  the  flume 
should  lie  nearly  level,  using  a  <Irop  now  and  then  as  necessary; 
second,  the  sides  of  the  flumes  should  be  nil  of  the  same  height, 
so  that  there  shall  be  the  same  water  pressure  above  the  center  of 
the  ot>enings,  which  are  round  holes  bored  in  the  sides  at  a  uniform 
distanee  fnmi  the  bottom.  If  the  flume  is  decreases!  In  size  as  the 
distance  increases  from  the  starting  ponit,  make  it  narrower  on  the 
bottom,  not  lower  on  the  shies.  The  round  holes  are  usually  opened 
and  closed  with  metal  slides  moving  in  metal  cleats  tacked  to  tlio 
outside  of  the  fl  nine.  These  gates  ai'e  best  on  the  outride,  becau-ie  they 
are  less  liable  to  catch  loose  stufi'in  thenater  and  they  are  more  easily 
adjusted  than  if  in  the  water  on  the  inside.    l^Fv%.  ^,\ 
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A  froo«l  Rizo  fitr  tliiino-A  Ia  a  uniform  depth  of  7  iuchen  aimI  widths 
varying  from  Hi  to  8  inches.  Two  iurh  holes  are  good  for  the  ezitiy 
thoagh  some  ase  smaller.  The  distance  between  the  holes  will  of  ooane 
be  the  distance  which  is  chosen  as  best  between  the  furrows,  which  ia 
usually  about  2  feet.  Witli  yoiinp:  trees  it  is  common  to  use  fewer  fkir- 
rows  and  run  them  near  the  trees.  As  tlie  tn^es  spread,  more  fhnowa 
are  use<l  until  tlie  whole  space  between  the  trees  is  furrowed,  exioept 
that  the  wafer  is  not  brought  as  close  to  the  trees  as  at  first. 

The  furrows  were  made  at  first  with  a  small  single  plow,  but  later 
several  plows  were  attached  to  a  A*ame,  and  now  the  *'  furrower"  or 
^' marker^*  consists  of  a  fnime  carrying  four  or  more  plows,  with  two 
good-size<l  wheels  several  feet  apart  on  a  shaft  aheail  of  the  plows  to 
steady  them  and  regulate  depth.  The  furrows  are  hnl  u]>  to  the  holes 
in  the  fiume  and  the  water  is  started. 

There  is  a  ^reiit  deal  to  bo  lecirned  by  ex]>erience  in  handling  water  in 
the  furrows,  as  by  other  metliods.  It  is  ini[M)rtant  that  the  lands  should 
have  ecjual  areas;  that  the  surface*  should  he  free  fnnn  depressions,  for 
there  the  water  will  coI]e<*t  until  it  rises  alnivc  the  furrows  and  finally 
runs  togctlier  in  a  ])Oiid.  The  dire(;tions  in  wliich  the  furrows  are  run 
depend  ui>on  the  <legree  of  the  slope:  sonietinies  straight  away  firom 
the  flume;  sometimes  dia<;()nally  through  the  rows,  giving  less  grade 
and  aHowing  the  water  to  soak  in  better.  The  admission  of  water 
de|)ends  u])on  the  character  of  the  soil.  If  it  is  light  and  coarse  and 
takes  water  a  little  too  fast,  a  large  stream  will  rush  thnnigh,  carry  off 
much  soil,  snuwth  the  sides  of  the  furrow,  and  make  ]iercohition  less 
rapid  afterwards;  while  on  a  rather  heavy  soil  a  strong  rush  at  first 
wonhl  almost  cement  the  sides  so  that  there  wouhl  not  be  soaking 
enough.  Sometimes  a  larger  stream  may  be  giveji  after  the  ground  is 
wet  than  at  first.  After  the  small  stream  has  reiu'lied  tlie  end  a  still 
smaller  stream  from  the  tltimc  is  continue<l  for  twentv  tour  hours  or 
more.  These  arc  manifestly  things  that  must  be  learned  largely  ftom 
exiK^rience  and  observation  on  the  spot. 

Th<'.  water  is  ctmtrolled  by  regulating  the  slides  in  the  thime,  closing 
them  down  as  nearly  to  uniform  openings  as  possible.  Some  are  able  to 
do  this  so  skillfully  and  to  so  gauge  the  stream  to  the  i-ece])tive  charac- 
ter of  the  soil  that  very  little  will  waste  at  the  lower  ends  of  the  furrows. 
This  is,  however,  rather  exceptional,  and  it  is  found  that  there  will 
either  be  quite  an  outflow  or  that  the  trees  at  the  lower  side  will  not  get 
enough  water.  Naturally  the  trees  near  the  fluni(*  will  get  most  water, 
as  all  the  water  g04!ts  by  them  and  least  of  all  passes  the  t  rees  at  the  other 
en<l.  To  ]»revent  loss,  then,  and  at  the  same  time  to  give  the  lowest 
trees  niori^  water  it  is  common  t(»  ]mt  in  a  few  large  furrows  across  the 
low<M'  end  into  which  the  water  will  run  and  soak  away:  or,  what  is 
perlia])s  l)ett<*r,  the  few  rows  at  the  lower  end  are  che<*ke<l  an<l  the 
watcT  thus  collected.  Some  arrange  to  have  an  alfalfa  iiatch  below 
the  irrigated  area,  so  that  overflow  water  is  turne<l  to  gcHsl  account. 
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The  small-farrow  method  on  land  adapted  to  it  is  ased  for  every- 
thing which  can  be  profitably  grown  in  rows  and  cultivated  after 
irrigation.  All  kinds  of  small  fraits,  vegetables,  and  field  crops  are 
thus  open  to  the  system,  the  number  of  farrows  depending,  of  course, 
upon  the  distance  between  the  rows  and  the  degree  to  which  the  soil 
favors  lateral  seepage. 

SUBIRRiaATION  METHODS. 

Introducing  water  below  the  surface  to  escape  all  the  objections 
which  may  be  urged  against  prevailing  irrigation  methods  has  long 
been  the  subject  of  invention  and  investigation.  There  is  also  a  war- 
rant for  the  effort  in  the  fact  that  there  are  very  large  areas  of  profit- 
able land  in  the  irrigated  region  which  are  subirrigated  either  by 
natural  underflow  from  adjacent  higher  grounds  or  from  rivers  or  by 
artificial  underflow  from  adjacent  irrigated  lands  or  the  leaky  ditches 
which  supply  them.  The  frequent  mention  of  these  situations  as  '^  sub- 
irrigated"  baa  created  the  impression  in  distant  parts  that  California 
was  quite  extensively  using  a  subirrigation  system.  It  is  a  misappre- 
hension. Oalifornia  inventors  have  fitfully  labored  with  the  proi)osi- 
tion  for  the  last  twenty-five  or  thirty  years,  but  the  matter  has  not  yet 
passed  the  experimental  stage  and  the  acreage  irrigated  in  this  way  is 
insignificant. 

Subterranean  distribution  of  water  has,  however,  such  obvious  theo- 
retical advantages  in  preventing  loss  by  evaporation,  in  distributing 
water  at  a  level  which  should  encourage  deep  rooting,  in  reducing  the 
frequency  of  surface  cultivations,  and  possibly  in  automatic  distribution 
of  water  which  should  be  vastly  cheaper  than  any  kind  of  surface  flow, 
that  interest  will  always  pertain  to  the  proposition  and  efforts  will  be 
continually  put  forth  to  give  it  practical  realization.  For  these  reasons 
a  brief  characterization  of  subirrigation  systems  which  have  come 
under  the  observation  of  the  writer  will  be  given : 

About  twenty  years  ago  the  so  called  *' Asbestine  system"  was 
devised.  It  consisted  of  a  farm  reservoir  in  which  water  was  collected 
to  furnish  a  certain  amount  of  pressure  throughout  a  system  of  jointless 
pipes  laid  in  trenches  of  suitable  depth  at  whatever  distances  apart 
were  determined  by  the  facility  with  which  water  would  seep  laterally 
through  different  soils.  These  jointless  or  continuous  pipes  were  made 
of  cement  and  sand  by  a  machine  traveling  in  the  trench,  and  this  was 
resorted  to  to  preclude  the  entrance  of  roots  to  the  pipe,  which  was 
found  to  be  an  objection  to  the  older  systems  of  perforated  tiles.  At 
proper  distances  openings  were  made  in  the  top  of  this  pipe  and  a 
cement  standpipe  of  larger  diameter  was  saddled  upon  the  continuoas 
pipe  at  each  of  these  openings,  the  standpipe  rising  to  the  surface  and 
having  a  cover.  When  the  water  was  properly  admitted  to  the  system 
from  the  reservoir  it  flowed  in  about  equal  volume  from  all  the  open- 
ings, soaked  away  at  the  bottom  of  each  of  the  standpipes,  and  when 
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the  suiiply  vraA  slint  off' and  tlie  water  <lisap|)eHnMl  at  tlie  bottom  of  the 
sTaiHlpi|ie8  the  roob<  t-oiiltl  not  reacth  any  \vat4*r  that  might  remain  in 
the*  ]iiiies  because  of  the  air  space  Hnrrotindlii^  tlio  o|>eninf;  Heoured  by 
thf  presence  nf  the  standpifie.  Soinc^  ex|»erinicnt8  with  thin  system 
were  maile  but  the  cost  of  construction  was  seiMi  to  bo  so  great  that 
interest  in  it  S]»ee4lily  declined.  No  demonstration  was  had  that  the 
system.  proi>erly  constructed,  would  not  successfully  distribute  w*ater 
underground:  in  fact,  enough  was  done  to  show  that  it  would  do  so, 
and  it  is  an  interesting  fact  that  in  one  case  a  small  acreage  thus  pipest 
was  allowetl  to  go  unirrigated  for  a  number  of  years  biHiause  rainfall 
seemetl  aui]de  lor  the  growth  of  fruit,  and  was  again  irrigated  by  the 
rtysiem  when  a  year  of  very  short  rainfall  bntught  distress  to  the  tn^es, 
showing  that  it  remHin(*d  free  from  roots.  Still  the  cost  of  the  system 
remains  an  apparently  insurinonntable  olijeiaion  to  its  introduction. 

A  system  of  distributicm  has  been  pro]K)siMl  wliicli  <liit'ers  fhnn  tbe 
foregoing  in  placing  the  standpipes  beK>w  the  supply  pi|M^s  and  bring- 
ing the  whole  distributive  system  below  the  reach  of  the  plow,  which 
is  an  advantage  in  iioint  of  cultivation  an<I  a  disadvsintage  in  diffi- 
culty of  seeing  what  is  going  on.  The  author  of  this  system  pro|Nised 
to  use  tile  to  conduct  the  Wiiter  from  one  of  his  standpipe  cisterns  to 
another,  and  trusted  to  their  drying  out  between  irrigiitions  to  i*eniove 
all  inducement  to  umx  entrance,  lie  prescribed  more  pipe  anil  more 
outlets  than  were  contenip1ate<l  under  the  earlier  system,  and  would 
])resumab1y  get  a  better  distribution  of  water,  but  the  larger  amount 
of  cement  construction  and  of  excavation  would  probably  nnike  this 
system  even  more  ex]>ensive  thsin  its  prototy]H'. 

A  system  of  similar  aims,  whidi  has  been  patented,  uses  water 
from  a  reservoir  thnnigh  a  system  of  iron  pi]>es  laid  bene;itli  the 
surface.  At  suitable  distances  the  pi[M*  has  sum  11  holes  on  the  under 
side;  beneath  ea<'h  hole  is  a  cast-iron  chambrr  open  at  the  iNittom, 
and  around  this  casting  is  a  grsivel  pocket  into  which  the  water 
will  flow  and  from  which  it  will  rca<lily  sosik  away  into  the  surrounding 
soil.  To  irrigate  trees  of  any  kind  a  line  of  pipe  is  hi  id  along  a  nnv  of 
trees  about  2i  fe(*t  from  the  trees,  and  opposite  each  tree  a  gravel 
pocket  is  made,  and  each  one  of  these  pockets  holds  nbout .')  gallons  of 
water  when  full.  When  the  water  is  turned  on  it  <'ontinues  to  flow 
until  the  water  pressure  in  the  gravel  i>ockets  is  equal  to  the  pre>sure 
fnnii  the  tank  or  reservoir,  and  then  the  water  ceases  to  tlow,  only  as 
the  ground  absorbs  it.  This  system  also  o<'casions  large  outlay  for 
materials  and  lal>or. 

In  another  system  of  subirrigation  tiiree  (piarter  inch  pi]»es  of  iron 
carried  tlie  water  to  1^-iuch  iron  stan(i])ipes.  or  hydrants,  fitted  with 
valves  or  ]»lngs  to  regulate  the  flow.  Tin*  water  issues  from  these  stand 
pipes  throngli  small  perforations  in  the  sides.  The  entrance  of  roots 
to  the  pipes  is  prevciitiMl  by  the  fart  that  when  the  valve  below  is 
c1os(m1  the  interior  of  the  stamljiipe  Uecomes  dry. 
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Dr.  S.  M.  Wood  bridge,  of  I^oa  Angeles,  has  in  use  an  outfit  which 
is  less  exi>eusive  than  the  foregoing  system,  be<'.ause  valves  are  dis- 
carded for  slots  cut  in  the  stand  pipes  through  a  part  of  the  threads 
which  connect  it  with  the  T  in  the  main  pipe.  Partially  unscrewing 
the  stiindpipeoi>ens  these  slots  and  releases  the  water,  and  screwing  it 
down  again  not  only  closes  the  slots  and  stops  the  water,  but  cuts  off 
juiy  roots  which  may  be  entering.  Both  systems  rely  for  distribution  of 
water  ui>on  a  small  release  at  a  central  point  e<|ually  distant  f¥om  four 
trees.  Theoretically  the  objection  would  be  that  the  supply  would  be 
too  slow  and  scant  except  in  very  open  soils,  and  in  such  soils  there 
might  be  too  rapid  leaching  away  of  the  water  to  moisten  the  soil 
horizontally.  On  heavy  soils  lateral  seepage  from  perforations,  half 
the<Iistance  between  the  standpipes,  say,  10  or  more  feet,  could  hardly 
be  expected.  Being  automatic,  however,  and  acting  through  a  loug 
period  of  time,  if  one  has  a  suitable  reservoir,  there  might  be  satisfac- 
tory amounts  <listribute<l  in  all  except  leacliy  soils. 

The  same  comments  would  apply  to  the  use  by  Dr.  Woodbridge  of 
a  long  line  of  iron  pipe  laid  ahmg  the  surface,  with  small  oiieuings  at 
intervals  discharging  a  trickle  of  water  into  each  of  a  series  of  spade- 
holes  placed  in  the  center  of  the  S(|uares  formed  by  four  trees.  By 
regulating  the  tlow  each  hole  can  have  just  what  will  soak  away  without 
overflow.  This  is,  however,  really  a  very  small  basin  system,  with  the 
basin  placed  as  far  from  the  tree  as  ])Ossible,  which  is  a  good  i>lace  for  it 
providing  the  water  moves  well  laterally,  and  is  sufficient  in  amount. 

Thus  far  attention  has  been  given  to  deep  systems  of  subirrigation, 
such  as  would  benefit  the  growth  of  trees.  There  are  fewer  difBculties 
attending  surh  shallow  system  as  might  best  serve  gardens  and  small 
fruit  plantations.  There  is  reason  to  believe  that,  on  certain  soils,  dis- 
tribution through  simple  lines  of  tile  laid  near  the  surface  may  be 
more  satisfiictory  than  running  water  in  furrows.  This  will  be  for  shal- 
low-rooting vegetables  and  berries,  where  the  pipes  are  to  be  relaid  and 
thrown  out  at  short,  intervals  of  time.  The  entrance  of  roots  in  such 
cases  is  not  a  ruling  factor.  The  distribution  by  connecting  these  lines 
of  tile  with  a  head  ditch  or  flume  is  easily  effei^ted,  and  shallow  cultiva- 
tion need  not  be  interfered  with.  But  even  in  such  case  the  cost  of 
tile  enough  to  cover  any  considerable  area  soon  reaches  high  figures, 
and  the  labor  of  laying  and  relaying  it  is  also  exfiensive.  It  is  doubt- 
ful whether  the  time  will  ever  come  when  such  systems  and  devices 
will  replace  well-regulated  surface  distribution  and  the  cultivation 
which  is  associated  with  it,  though  for  economy  of  water,  and  to  esca|>e 
the  refractory  condition  which  some  soils  assume  upon  surface  irriga- 
tion, experimentation  in  this  line  certainly  commends  itself. 

Distribution  through  tile  laid  upon  the  surface  is  available  for  shal- 
low-rooting plants,  and  has  been  shown  to  be  economical  both  of  labor 
and  water.'     In  an  arid  region,  however,  the  prevention  of  surface  stir- 
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Tiuti  of  th«'  Hi>il  JH  a  decided  objci'tioii  to  the  syHteiii.  iiiileiM  the  soil  be 
very  li^ht  luifl  t'n*i*.  from  a  tendency  to  hake  Surface  applieatiuns 
not  followed  hy  stirring  are  not  a  suh8iitiit4'  for  niltivatioii.  as  alrttady 
iiisiMted  ii|N>n  in  another  ef>niieetion.  It  is  a  eoinnion  ex|>erience  of 
beginners  that  plants  may  dwintUe  and  fail,  though  water  may  be 
almost  tlaily  ]N)urefl  around  them,  on  an  uncnltivatiMi  surfa(*e.  Kach 
new  application  s^'eins  to  add  to  the  coni]iaet  and  inhos])itabh*  rharac- 
ter  of  the  Miil. 

HOW  MUCH  WATER  18  USED. 

Thus  have  been  hastily  sketehe<l  the  different  ways  in  wliich  water 
is  ap])lied  to  fruit  trees  in  i'alifornia,  and  it  is  hoped  that  this  will  be 
found  suggestive  to  l>eginiiers  in  other  parts  of  the  rrtuntry.  A  verj 
interesting  (picstion  is,  How  mueh  water  is  usi*i]  *.  It  has  already  lieen 
claimed  that  this  ipieHtion  can  not  !>e  answered  categtu'ically  beeamie 
of  the  differences  in  ex[>osurr.  soils  rainfall,  and  in  the  rei|airenieuts 
of  dilVerent  ]»1ants.  A  eari'ful  iniiniry  ri'reiitlv  coiidueted  by  the  writer 
in<:lude^l  thi*  exiM*rieiiee  of  <rores  of  irrigators  in  different  regions  of 
the  Pacific  coast,  and  cIIscIommI  the  fact  that  the  amount  of  water  applied 
actually  differed  even  more  widely  than  the  tlieoieti<*al  computation 
based  u|»oii  the  inMuence  of  the  variable  factors  uuMitiontMl  would  indi- 
cate*. It  is  found  tiiat  in  addition  to  tojKigrajiliy.  mechanical  conditions 
of  soil,  and  variation  in  plant  lequiicnuMits.  and  at  the  same  time  some- 
what determined  by  tlicm.  tlir  factor  of  frci|iicn<*y  intru<les.  and,  u|niu 
<*onsideration  of  all  factor^.  the.«c  brief  ileductions  an*  snggeste<l : 

(1)  With  a<lei|iiatc  depth  and  ietentjvenes>  nf  soil.  L'O  inches  of  miu- 
fall,  if  fluly  consiM  ved  by  ^ihmI  enitixation.  m^iy  render  irrigation  unnec- 
essary ti)r  fleep  nsitiii^.  fleejilnoii^  fruit >. 

(If)  If  the  rainfall  on  ^ndi  -*n\  i**  iiiadei|Uat4*  it  may  l»e  siitisfactorily 
supplemented  for  <tiich  plant «  [»v  winter  iiri^iitif»n.  using  a  total  depth 
of  (i  to  I:^  inchest,  in  from  one  tr»  tlire<-  applieations.  according  to  the 
reiieptivity  of  the  soil. 

(.'()  AiH4>,  for  sMcli  H^iii-  \ni  -ii'ii  pian?«.  iheKaiiii-  i«'>nlt>  cair  be  secured 
by  summer  iiri;ratioii  wifli  trorn  ■»  to  ♦)  iinln-^  ol  wafer,  divided  into  two 
or  thriM*  applications. 

{{)  On  di'cp.  teaehy  •<»il»  ♦";  •  :' r-  ;i;a'[1-  iieiiln-r  heavy  winter  rains 
nor  winter  iiri;.'HMon  Aill  -tjv  '••.  .n.**  ..  ri:f>iitij|y  apjilication  of  !i  or  3 
inches  of  waier  \tntu  '»Ia'.  »"•  .V  *;;  ■-'  t   Sej^fi-rniM-r  iM;iy  be  reijuired. 

(Tij  I'Aeii  ori  'lei'ji.  M'Ti-ntj  .1-  ",.  -.a*  ••'.1:.;  ii  •  fill  i'oarse  .soils,  shallow- 
nMitiiii.' <leiif|iiinii-  |il;i':t»;.  -j*..-:--^  "a  ■  .;»  ;ifi  fMii<-«|  ■■  ^niall  fruits,"  uuiy 
reijiiiie  Nil  tiif^/hH  .  nt  *-.*'  >  >  ;r.  ;.  :i;/p  ':iT.<»  -  ;t:iroiiiiting  to  1  inches 
a  monlli  dm  in;.'  i  r «-  dt      -^-^i^y  ;. 

(itj  On  hhailo''  •'#:■•  '.'  « '- ■  .*  '  ■  ar::* '«•:  even  deep  rooting  trees 
may  \ft\mf  i  ;».'  '•  •  v  '  ..  ■'/•/.  M^i;,  \*,  A'i;/nst,  uhih'on  shallow, 
coarse  -oil*  .*M  p*     •  <-■  *.    ■'.'•    ••■    '•*-:    ■:;.  '**'.  fj'-ci- --..iry. 

f7;  On  ■Ai.\\''.      •'/;«.•.•  ■   •   ;*      •*  ."isfj.'.j.'  -fji;ill  fnii!  plants  may 

fail  !liiori;.'li  i  «-.i    •■'       ".  '/^  .'        •;'*'■  ••'  •*'»>  iMMjuiMit  use  of  water 
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whiob  is  commercially  practicable.  SpriDkling  and  mulching  may 
make  the  plants  satisfactory  for  home  ase. 

(8)  Evergreen  frait  trees,  including  citrus  fruits,  require  about  50 
per  cent  more  water  than  deciduous  fruits  would  require  upon  the  same 
soil  and  in  the  same  location,  except  that  the  olive  will  thrive  with 
approximately  the  same  water  which  satisfies  a  deciduous  fruit  tree, 
but  it  must  be  available  later  in  the  season,  as  the  tree  develops  its 
fruit  later. 

These  deductions  are  not  intended  to  be  indications  of  what  is  nec- 
essary to  the  trees;  the  quantities  given  are  general  statements  of  what 
is  used  by  those  who  have  bearing  trees  and  secure  good  crops  of 
marketable  fruit. 

AFTER  TREATMENT  OF  IRRIOATED  LAND. 

In  most  parts  of  the  irrigated  region  clean  culture  is  practiced  dur- 
ing the  growing  season,  though  there  is  another  policy  which  seems  to 
suit  local  requirements  better  in  some  regions,  as  will  be  noted  pres* 
ently.  This  clean  culture  is  undertaken  for  two  main  reasons.  One  is 
moisture  conservation,  which  has  been  pointedly  suggested  in  the 
previous  discussion  of  the  interrelations  of  irrigation  and  cultivation. 
Cultivation  is  undertaken,  then,  to  reduce  the  irrigation  requirements; 
to  retain  the  added  moisture  for  the  use  of  the  plant.  Experience 
amply  teaches  that  this  is  successfully  done,  and  investigation  has 
given  accurate  measure  of  conservation,  both  as  against  evaporation 
and  against  exhaustion  by  the  roots  of  weeds  and  intercultures  of 
crops.'  Just  as  barely  adequate  rainfall  may  be  rendered  amply  ade- 
quate by  clean  and  frequent  summer  cnltivation,  so  irrigation  water 
may  be  reinforced  in  the  duration  and  sutticiency  of  its  effects  by  the 
same  policy. 

But  another  and  important  office  of  cnltivation  in  connection  with 
irrigation  lies  in  the  maintenance  of  a  condition  of  tilth  which  facili- 
tates a  proper  degree  of  aeration  and  free  root  extension.  Irrigation, 
even  in  its  wisest  application,  has  a  tendency  to  compact  any  soil 
which  is  capable  of  com[)acting,  and  few  can  defy  water  settling.  Com- 
pacting promotes  evaporation  and  subsequent  sun  heating,  and  the 
resulting  dryness  and  undue  heat,  as  well  as  the  density  of  the  mass 
itself,  restrains  root  development.  Consequently  it  is  a  universal  con- 
clusion that,  with  a  bare  surface,  soil  stirring  must  follow  irrigation 
just  as  soon  as  the  soil  comes  to  a  good  working  condition.  What  the 
cultivation  shall  be  depends  upon  the  nature  of  the  soil.  Winter  irri- 
gation is  almost  always  followed  by  a  good  plowing,  and  by  a  good 
harrowing  also,  unless  considerable  rainfall  is  to  be  expected  after- 
wards. Summer  irrigation  is  followed  by  stirring  with  whichever  of 
the  many  forms  of  cultivators  is  found  by  local  experience  to  be  the 
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beBt  pulverizer  for  Ibe  particular  soil,  and  which  secures,  with  the  least 
labor,  fineness  to  an  mlequate  depth,  for  it  is  plain  that  in  the  thirsty 
air  of  the  arid  region  the  earth  mulch  must  be  somewhat  deep,  as  well 
as  Hue,  to  protect  the  Arm  layer  from  loss  by  evaporation. 

COVER  CBOPS  IV  THE  IRRIGATED  ORCHARD. 

Successful  irrigation  is  not  conditioned  ui)on  clean  cultivation;  in 
fact,  it  may  l)e  quite  other\visi\  Cover  crops  are  sometimes  of  advan- 
tage. Recent  pra(*.tice  in  some  parts  where  irrigation  water  is  abundsint 
beycmd  the  re(|uiremeiits  of  the  trees,  is  to  grow  alfalfa  in  the  orchard. 
Being  a  deep  rooting  legume,  it  may  be  of  advantage  to  the  trees  in  the 
]>resenoe  of  ample  moisture,  while  with  scant  moisture  it  would  rob  the 
trees  and  iiractically  ruin  them.  In  the  hot  irrigate<l  valleys  of  Arizona 
a  cover  crop  of  alfalfa  reduces  the  soil  tem))eratnre,  prevents  the 
retlection  of  heat  which  occurs  from  a  light  (;oU)red  soil  surface,  and  is 
said  to  insure  thrifty  young  trees  where  clean  culture  destroys  them. 
In  cooler  parts  of  the  arid  region,  as  in  the  monntiiin  valleys  of  north- 
eastern California  and  in  Idaho,  alfalfa  is  also  grown  in  irrigated 
orchards.  These  facts  are  of  wide  siguiticance  a^  showing  that  irri- 
gation may  l)e  found  of  benefit  even  where  rlean  culture  may  not  be 
thought  desirable.  It  is  certainly  reasonable  that  if  a  clover  crop  is 
grown  at  all  it  should  l>e  attended  by  the  surety  that  the  trees  shall 
not  suiter  for  moisture,  and  they  untpiestionably  do  sometimes  suffer 
seriously  under  old  turf,  even  in  lands  of  summer  rains. 

This  view  is  wholly  apart  from  tlie  subjert  of  exhaustion  of  soil  fer- 
tility by  inteicrop[)ing.  Of  course,  compensation  for  that  depletion 
must  be  made  by  use  of  fertilizers,  and  whether  the  intercrop  secured 
yields  a  profit  n\}ou  such  investment  is  a  ciilculation  foreign  to  this 
discussion.  The  purpose  simply  is  to  emphasize  the  fact  that  (mi  rich 
soil  ample  irrigation  can  jtroduce  gcKxl  fruit  on  an  intercro[)peil  ordiard, 
and  it  can  do  the  same  on  a  ]>astured  orchard,  but  the  licight  an<l  form 
of  a  cow-piune<l  fruit  tree  is  totally  abhorent  to  present  ideals. 

A  cover  crop  and  an  intercrop  are,  however,  somewhat  different 
things.  The  growth  of  a  cultivated  crop  between  the  rows  of  fruit 
trees  is  permissible  if  the  land  is  rich,  and  moisture,  either  by  rainfall 
or  by  irrigation,  is  ample;  but  experience  has  shown  that  such  a  crop 
is  only  profitable  while  the  trees  are  very  youn^^  As  the  trees  expand 
they  repress  the  growth  of  the  intercrop  below  the  profit  mark,  and 
give  no  further  inducement  to  the  grower  to  longer  endanger  the  future 
of  his  trees  by  dividing  their  sustenance  with  the  intercrop.  On  the 
other  hand,  a  cover  crop,  if  it  be  a  legume,  may  reenforce  the  liurous  in 
the  soil.  One  of  tlie  objections  to  continuous  clean  culture  in  tht*  arid 
region  is  the  tendency  of  the  soil  to  losi'  hum  us  and  to  become  lifeless 
and  refractory.  The  growth  of  clovers,  peas,  and  other  hanly  legumes 
during  the  winter  season,  when  the  moisture  is  usnaily  abundant,  is 
being  widely  resorted  tx)  for  the  purpose  of   restoring   humus.    The 
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Siimnier  growth  of  tender  legaiiies  with  ample  irrigation  \n  therefore, 
for  this  reason,  as  well  as  for  h)wering  tlie  soil  temperature  and  escap- 
ing other  effec^ts  of  excessive  temperature,  worthy  of  consideration  if 
water  ig  ample  enough  to  support  the  cover  crop  and  the  trees. 

Clearly  whtTe  such  practice  is  advisable  the  irrigation  method  must 
be  suitable.  If  the  land  is  nearly  level,  low  check  levees  on  contour 
lines  will  restrain  sufficient  water  and  not  interfere  with  the  use  of  the 
mower.  Such  contour  checks  may  inclose  a  considerable  number  of 
trees.  With  greater  slope  the  square  check  system  inclosing  a  single 
tree  may  be  necessary,  or  fl(Nxling  down  the  spaces  between  the  trees, 
with  a  low  levee  along  each  row,  may  be  the  most  available  system, 
except  in  small  orchards  where  i>ipe  lines,  hydrants,  and  sprinkling 
may  be  used. 

MINOR  RESULTS  OF  IRRIOATIOH* 

It  is  obviously  impossible  to  include  in  this  general  sketch  many 
of  the  minor  results  of  irrigation  which  have  been  demonstrated  by 
half  a  century  of  experience  in  the  arid  regions,  but  a  few  may  be 
noted : 

In  parts  of  California  light  frosts  are  likely  to  occur  while  citrus 
fruits  are  rii>ening  and  after  the  deciduous  fruits  have  bloomed  and  set 
their  fruit.  This  is  fnmi  December  to  May.  There  is  no  hard  freezing, 
but  even  a  slight  drop  below  the  freezing  point  may  occasion  consider- 
able loss  of  fruit.  It  has  been  found  that  over  ground  with  a  wet 
surface  fruit  may  escaj)e  injury  while  that  netir  by  over  a  dry  surface 
may  be  <lestroyed.  For  this  reason  irrigation  water  is  used  to  pre- 
vent frost,  and  it  has  been  found  eflfective  even  when  the  mercury  falls 
to  270  F.,  providing  this  temperature  covers  only  a  brief  interval.  If 
the  mercury  falls  lower  or  remains  too  long  at  the  ijoint  named,  injury 
will  result  in  spite  of  the  presence  of  water,  unless  more  effective 
methods  of  protection  are  resorted  to. 

To  a  measurable  extent  irrigation  is  found  to  hasten  fruit  ripening. 
In  some  cases  several  days  have  been  gained  with  early  varieties  by 
giving  water  just  as  the  fruit  was  getting  good  size.  The  same  varie- 
ties near  at  hand  proceeded  more  slowly  without  this  stimulus. 

The  application  of  cold  water  to  the  roots  of  growing  i)lants  is  very 
undesirable.  Nearly  all  water  derived  from  subterranean  sources  is 
improved  by  exposure  to  the  sun,  either  by  standing  for  a  time  in  a 
shallow  reservoir  or  traveling  some  distance  in  a  shallow  stieam. 
Exi)osure  to  sun  heat  can  not  make  the  water  too  warm. 

Irrigation  performs  a  host  of  small  services.  In  the  nursery  the 
budding  season  is  lengthened  because  a  run  of  water  will  cause  the  bark 
to  slip  later  in  the  season.  In  the  English  walnut  orchard  the  nuts 
will  be  more  readily  discharged  from  the  husks  if  an  irrigation  is 
given  a  little  in  advance  of  the  dropping  time.  Within  certain  limits 
fruiting  can  be  timed  by  irrigation  and  succession  secnred.  This  is 
especially  true  of  small  fruits.    Strawberries  can  be  made  almost  cqu- 
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xmr  :^^!^^  ix  scrtA^fle  ibermal  situations  and  can  liave  two  main 
s*^!?!^  :i  ~ipf^  SLiLiMr  «ren  wbere  the  winters  ai-e  too  (*oId  for  fruiting. 
'imsqc^errj*^  7;«J^w  zhe  r^mt  ccmrs^e.  and  ever-l>earing  blackberries  are 
:u«»  r:.:.:^  r^ryCM^  it  tlie  wanner  ftarts  of  the  irrigated  region.  Of 
rjnrstgr  'i*!"^  z^tsir^TLAZ^ceg^  of  jtlants  are  «le|»endent  npon  temperature 
ryii9£:r«iiL»  m^  -r^l'.  ^<  »oc$;are  f^mditiona.  and  upon  the  length  of  the 
r-*.iw  :^  4««B^yi  -rix'^  I'r.t  irrigated  semitropical  region  enjoys;  but  the 
iiec  -THUi^  :.>  lu:  ike  iomng  rammer  heat  of  the  more  northerly  regions 
jr  ZA.*f^  fi'iui'irr  ctMjA  accomplidh  far  more  for  the  grower  if  by  fore- 
ZA9  fLci'  hsi^i  WBM  pn>TidioD  he  should  arrange  to  have  that  beneficence 
wv'iT*  Aru^ad^l  by  simple  moisture.  Thi»  i.s  evidently  one  of  the 
▼  re*  •>€  tout  ^mre. 


FABKEBS'  BTTLLETIHB. 

'.'iilJecisH  jjv  ^QC  trv^  ••!  •-hAns«*  tn  any  atMrenH  u|kiii  a)>)ilit'ation  to  the 
c  .Vzrii'TilTurv,  \Vu>«himrt«'n.  I».  i'.     Only  the  fnllnwin^  art'  availa)»l(>  for 
'->rT  "an-  r. 

^-  .  ".  •.  lj-<-iai:n»  rj*  PI*:;:.*  f. -r  «ir-»»n  MAn'innir  arnl  for  FtNHljiiK.  No.  I'.».  Iin|NirtHiit  In«c<'ticideit: 
rrr*^o  r.-  >  r  'Ji*-:?  PrvMJatri* -n  dinti  l*-^-  N'li.Jl.  RAriivnnl  MHiiurc.  Nu.'j-j.  Fn-fliiiK  Kunn  Aiii- 
irjA.^  >  j:  ?"-»«t-  N -.■■r.*:v»i  VAl-:.-An«H'«»««t.  >i*o.2l.  lf<i»r('holi-rH  tnid  S>\iiir  lMa»?ii«'.  No.vW.  I*vii- 
■:  :->  .  -.1--  *-■!'-•«•.  \'\  J^;  •wr^-i  iviratilvd:  riiltun- iiml  I'm-^.  No.  l>7.  Flax  forSvinl  and  FlbtT. 
V  ->  *-*-:>  t-.«l  H  w  :.'  Kil.  Th»m.  Ni ».„■>,  S<itirinj:«»f  Milk  iind  other riiHiiUfs  in  Milk  PnKlurtJi. 
>i  X  -i:-  :--"-**!«»-*  '  r.  :h-  I'acit^i-  t-m.-t.  N.i.  HI.  AlfHlfu.  or  Lun-ni.  Nti.  :«.  Silos  h  ml  sIIhki*. 
N  r  r---!-  •  r-«  -i-.r.^f  rMirlc-t.  N.v:U.  Mt'alj*:  roin|M».ltionan<l  rimkliiK.  Noi^i.  PotatiiCultim'. 
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RISE  AND   FFTURE  OF   IRRIGATION   IX   THE  TMTED 

STATES. 

By  Elwood  Mead, 
Expert  in  Charge  of  Irrigation  Investigations^  Office  of  Experiment  Stations. 

REMAINS  OF  ANXIENT  IRRIGATION   WORKS. 

The  earliest  pathway  of  civilization  on  the  American  continent  led 
along  the  banks  of  the  streams.  In  various  parts  of  the  Southwest, 
notably  in  the  Salt  River  Valley  of  Arizona,  in  northern  New  Mexico, 
and  along  the  southern  borders  of  Colorado  and  Utah  are  well-defined 
remains  of  irrigation  works  which  have  outlived  by  many  centuries 
the  civilization  to  which  they  belonged.  In  at  least  one  instance  the 
bank  of  an  ancient  canal  has  been  utilized  as  a  part  of  modem  works. 

Riding  up  the  valley  of  the  Rio  Grande,  in  the  first  half  of  the  six- 
teenth century,  Spanish  explorers  found  in  the  midst  of  arid  sur- 
roundings beds  of  beautiful  roses,  "not  unlike  those  in  the  gardens 
of  Castile,"  as  they  noted  in  their  diaries.  They  also  found  Pueblo 
Indians  irrigating  the  thirsty  soil,  as  their  forefathers  had  done  for 
centuries  before  them  and  as  their  descendants  are  still  doing  to-day. 
In  this  valley  and  along  the  tributary  streams,  and  at  other  places  in 
the  desert  wastes  of  the  Southwest,  Spanish  settlements  sprung  up 
and  maintained  themselves  by  means  of  these  life-giving  waters.  The 
ditches  at  Lascruces,  N.  Mex.,  have  an  unbroken  record  of  three 
hundred  years  of  service,  the  history  of  which  is  written  in  the  banks 
of  the  canals  and  in  the  fields  irrigated.  This  is  due  to  the  sediment 
with  which  the  waters  of  the  Rio  Grande  are  laden.  Year  after  year  this 
has  slowly  added  layer  on  layer  to  the  sides  and  bottoms  of  these  ditches, 
until  from  being  channels  cut  below  the  surface  of  the  soil  they  are 
now  raised  2  or  3  feet  above.  It  is  hei'e  that  one  can  yet  find  agricul- 
ture almost  as  primitive  as  that  of  the  days  of  Pharaoh,  where  grain 
is  reaped  with  the  sickle  and  thrashed  by  the  trampling  of  goats. 

EARLY   IRRIGATION  IN  CALIFORNIA. 

From  these  settlements  and  from  the  conquered  cities  of  Mexico 
adventurous  missionaries  pushed  their  way  still  farther  westward 
until  they  came  in  sight  of  the  Pacific,  teaching  the  Indians  the  crude 
art  of  irrigation,  which  they  had  learned  either  in  Spain  or  of  the  sim- 
ple inhabitants  of  the  interior,  and  making  oases  of  bloom  and  fruit- 
age among  the  hills  and  deserts  of  the  coast.     So  came  the  early 
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ehurdios  and  ganleiisof  CHliforniHaiidtho  rust  small  impulse  towanl 
the  conquest  of  its  fertil<»  soil,  which  iiiiist  always  Ik?  jcnitefuUy  asso- 
ciated with  the  memory  of  tlie  Mission  fathers. 

Measui'ed  by  their  cost  or  the  skill  ivquiivd  to  construct  them,  the 
small,  rude  furrows  whicrh  watenMl  these  ganlens  ait>  now  of  little 
importance.  Compared  to  the  monumental  cnjrineering  works  which 
have  suc<^oeded  them,  they  possess  to-day  but  little  interest.  Tlie  best 
preser\'ed  of  these  Mission  gardens  is  now  an  insignificant  feature  in  a 
landscape  which  includes  miles  on  miles  of  cement-lin<Hl  aqueducts, 
scores  of  pumping  stations,  and  acres  on  acres  of  oninge  and  lemon 
orchai^ls,  cultivated  with  thoroughness  and  skill  not  surpasse<l  in  any 
section  of  the  Old  World  or  the  New.  It  was  far  different  at  the  end 
of  the  eighteenth  century,  when  the  thirty  or  more  of  thesis  gardens 
which  were  scatteixnl  along  the  coast  between  the  Mexican  Imrderand 
San  Francisco  weiv  the  sole  resting  places  of  wt^ary  travelei-s  and  their 
fruit  and  foliage  the  only  ndii*f  in  summer  fi*om  the  monot-onous  land- 
scape presented  by  the  brown  and  arid  hills  which  surrounded  them 
on  every  side.  They  weii^  under  those  con<litions  not  only  su(*cessful 
centers  of  influence  from  which  to  carry  cm  the  CMiristianizing  of  the 
Indian  tribes,  but  forces  tending  to  break  up  the  migratory  impulse  by 
the  establishing  of  homes  among  the  early  Spanish  evplorei*s. 

BE(iIXNIN(lS   OF   MODEK::   IKRUiATlON. 

For  the  l>eginniugs  of  >\nglo-Saxon  irrigation  in  this  ccmntry  we 
must  go  to  the  Salt  Lake  Valley  of  Utah,  wheiv,  in  July,  1S40,  the 
Mormon  i>ioneers  turned  the  clear  waters  of  City  Creek  uiHin  the  sun- 
baked and  alkaline  soil  in  order  that  they  might  plant  the  very  last 
of  their  stock  of  i)otatoes  in  the  hop<?  of  bringing  forth  a  crop  to  save 
the  little  company  from  starvation. 

Utah  is  interesting  not  merely  because  it  is  the  cradle  of  our  nuKlem 
irrigation  industry,  but  c^ven  more  so  as  showing  how  important  are 
organizations  and  i)ublic  control  in  the  diversion  and  use  of  rivers. 
Throughout  the  piontn^r  perio<l  of  their  history  the  seltlei*s  of  Utah 
were  under  the  direction  of  exceptionally  able  and  n'sourc(»ful  leaders, 
who  were  aided  by  the  fact  that  their  follow(M-s  were  knit  together  by 
a  dominating  religious  impulse.  These  leadei*s  had  tin*  wisdom  to 
adapt  their  methtMls  and  shape  their  institutions  to  conform  to  the 
peculiar  conditions  and  environment  of  a  land  strange  and  new  to 
men  of  Knglish  speech.  They  found  that  irrigation  was  necessary  to 
their  existence  in  the  home  that  they  had  chosen,  and  that  the  irriga- 
tion canal  must  therefore  be  the  basis  of  their  industrial  organization, 
which  was  largely  (cooperative;  hence,  the  size  of  their  farms,  which 
are  less  than  ^K)  acres  u[)on  the  average,  th(^  nature  of  their  social 
I'clations,  which  are  close  and  neighborly.  (FMs.  LI\'  and  LV  .show 
some  methods  of  irrigation  and  the  improvement  f«»llowing  the  irriga- 
tion canal. ) 


Fia.  2.— Mount  Union,  from  Unvon  pfcss. 
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That  the  great  material  results  which  quickly  foUoweil  could  have 
been  realized  without  the  cohesion  which  cume  from  an  associHtion 
dominated  by  religious  discipline  and  controlled  by  the  sui^erior  intel- 
ligence of  the  head  of  the  Mormon  Church,  is  doubtful;  but  that  the 
character  of  institutions  in  the  valleys  of  Utah,  both  industrial  and 
social,  was  chiefly  due  to  the  environments  in  which  they  were  placed 
is  beyond  dispute.  Cooperation  became  the  dominant  principle  sim- 
ply because  the  settlera  were  in  a  land  without  capital,  and  it  was 
beyond  the  power  of  the  individual  to  turn  the  mountain  current  from 
its  course  and  spread  it  upon  his  lands.  Only  the  labor  of  many  indi- 
viduals, working  under  organization  and  discipline,  could  make  the 
canals  or  distribute  the  watera.  A  small  farm  unit  was  chosen,  not 
because  men  were  less  greedy  for  land  than  in  all  other  new  countries, 
but  because  it  was  quickly  seen  that  the  extent  of  the  water  supply 
was  the  measure  of  production,  and  their  ability  to  provide  this  was 
small.  Diversified  farming,  which  is  one  of  the  leading  causes  of  the 
remarkably  even  prosperity  of  Mormon  agriculture,  was  resorted  to 
because  the  Territorv  was  so  far  removed  from  other  settlements  that 
it  was  compelled  to  become  absolutely  self-sustaining.  The  small 
farm  unit  made  near  neighbors,  and  this  advantage  was  still  more 
enhanced  by  assembling  the  farmei's'  homes  in  convenient  village 
centers.  One  reason  for  adopting  this  2)lan,  in  the  fii*st  place,  was 
doubtless  for  protection  against  the  Indians,  but  it  haw  become  a  i>er- 
maneut  feature,  which  is  still  adhered  to  in  making  new  settlements 
because  most  satisfactory  to  the  social  instinct.  (A  view  at  the  head 
of  one  of  the  early  irrigation  canals  in  Utah  is  shown  in  PI.  LVI,  fig.  1.) 

COOPERATIVE  COLONIES  IX   COLORADO   AND  CALIFORNIA. 

The  discoveiy  of  gold  in  California  created  the  Overland  Trail,  which 
wound  its  tortuous  course  across  the  hitherto  trackless  wastes  of  the 
arid  domain.  Its  stations  were  usually  along  the  banks  of  the  streams. 
In  the  neighborhood  of  these,  settlers  had  established  themselves,  and 
by  means  of  simple  furrows  turned  the  waters  of  the  streams  upon  the 
bottom  land.  This  was  tlie  extent  of  irrigation  throughout  the  vast 
region  it  traversed,  outside  of  Utah,  befoi-e  tlie  Union  Colony  at  Gi^ee- 
ley,  Colo.,  l)ecam(^  the  second  historic  instance  of  the  beginnings  of 
the  present  system,  and  one  which  furnished  a  different  standpoint 
for  a  stud}'  of  the  subject. 

As  Utah  is  the  result  of  a  religious  emigration,  so  Greeley  is  the 
creation  of  the  town  meeting.  Its  founding  marked  the  l)eginning  of 
a  new  and  different  industrial  development  in  Colorado.  Hefore  this 
it  was  the  wealth  of  the  mines  or  the  migratory  and  adventurous 
experiences  of  the  range  live-stock  l)usiness  which  had  attracted  set- 
tlement. Greeley,  on  the  contrary,  represented  an  effort  of  home- 
making  people,  both  to  enjoy  landed  independence  and  social  and 
intellectual  privileges  equal  to  those  of  the  towns  and  cities  they  had 
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left.  Ainoiiii^  its  first  buildings  was  (^olony  llall,  and  anions  its  firHt 
orpiiiizatioiis  tin*  Lyceum,  in  \v1ii4*]i  all  tlio  affairs  of  tlu*  <M)iiiiniiiiity 
wen*  dei)HtiMl  with  a  fervor  and  f«*arlessness  qtiite  worthy  of  Horacfe 
Greeley's  following.  CV)oiM»ratioii  was  adopted  in  the  const riiet ion 
and  management  of  public  utilities,  of  whi4*h  tlie  irrigation  eanal  WiiH 
the  first  and  most  imiN>rtant.  The  \\isdom  and  justice  of  making 
common  proiH*rty  of  the  town  site,  tlie  l»eauty  and  value  of  which 
could  only  Ym*  <*reated  by  the  enterprise  and  public  spirit  of  all,  was 
recognized  and  put  into  practice  with  satisfactory  ivsnlt^s.  The  onlj* 
deliberate*  extra vajrance  was  tin*  enaction  at  an  early  day  of  a  school 
building  worthy  of  the  oldest  and  richest  New  Kn«rland  community. 
Th<'  highest  methods  both  of  irrigation  and  cultivation  were  stmght 
out  through  numlM^rless  (*xperinients,  until  Ureeley  and  its  iM)tat4>0H 
grew  famous  together.  The  home  ancl  civic  institutions  of  the  cohiny 
b<»cam(»  the  pride  of  the  State,  and  the  hard-won  success  of  the  com- 
munity inspired  numerous  similar  un<lertakings  and  furnished  an 
impulse  which  resulted  in  the  reclamation  and  settlement  of  northern 
Colorado.  Houlder,  Longmont,  Loveland,  and  Fort  Collins  weiv  tho 
outgrowth  of  success  at  (ireelcy,  and  each  adopted  many  of  the  ideiiH 
and  tendenci(»s  of  the  parent  colony. 

Twenty  years  subs(M[uent  to  the  iN'ginnin;:  <»f  I'tah,  an<l  contempo- 
raneously with  the  settlement  of  Colorado,  similar  influences  In'gan 
to  make  themselves  felt  in  California,  esiM'cially  in  its  southern  jMirt.. 
Anaheim  is  called  the  mother  colony.  This  was  c4)o]N*rative  in  it-H 
inception,  and  its  [irincipal  irrigation  system  has  ever  remained  such. 
I^ivcrsidc  followed  a  few  years  later  and  ri»pii»scnt«»<l  a  hight'r  itleal; 
but  the  spirit  of  s[)eculation  in  which  <  alifornia  <'ivili/.at  ion  was  born 
soon  fa.stcned  itself  upon  irrigation,  as  it  had  done  in  the  case  of  min- 
ing, iiiu\  ran  a  mad  race  through  southern  California.  Irrigation  in 
this  State  iM»came  corijoratc  and  siieculativc.  When'  Ctah  and  ('ol- 
orado  ha<l  <lei)end<Ml  oidy  up4>n  their  hands  aiul  teams  for  the  building 
of  irrigation  works.  California  issueil  stocks  an<l  bonfls.  and  so  morl'- 
gaged  its  future.  .Men  began  to  dream  of  a  new  ra«M*  of  millionain»s, 
Climated  by  making  nu'rchandise  of  the  melting  snows,  by  .selling 
''rights"  to  the  ^'renting"  of  water,  and  colle«*ting  annual  toll  fnmi 
a  new  class  of  .s(»ci<»ty,  t<»  1m»  known  as  **watei'  tenants.*' 

'I'he  inv(*stment  of  corp<»rate  cai^ital  in  canals  In  distrlbut4»  and 
control  water  used  in  irrigation  ]>egan  in  California,  but  spn»ad  like 
a  contagion  throughout  the  West.  For  a  quarter  nf  a  «'cntni-y  it  has 
been  the  heading  factor  in  jiromoting  agricultural  growth  <»f  the  west- 
ern two-fifths  of  the  United  Stales.  It  has  been  tli«*  agency  througfi 
which  many  millions  of  dollars  have  Ih'CU  raised  and  ♦•.vpend^^l, 
hundreds  of  miles  of  canals  constructed,  ami  hundreds  of  thousands 
of  acres  of  land  reclaimed.     It  Inis  built  the  largest  overfall  dam  ever 
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placed  in  a  large  river.  It  has  been  the  chief  agency  in  replacing 
temporary  wooden  structures  by  massive  headworks  of  steel  and 
masonry,  and  has,  by  the  employment  of  the  highest  engineering 
talent  available  and  the  introduction  of  better  methods  of  construc- 
tion, promoted  the  economy  and  success  with  which  water  is  now 
distributed  and  used.  The  question  which  is  now  to  be  considered  is 
how  the  vast  fabric  created  through  its  agency  is  to  be  directed  and 
controlled  in  order  that  it  may  not  crumble  of  its  own  weight.  (PI. 
LVII.) 

The  construction  of  irrigation  works  by  corporate  capital  came  as 
a  natural  if  not  inevitable  evolution.  There  came  a  time  in  the  dis- 
tricts first  settled  when  the  opportunities  to  divert  water  cheaply  had 
largely  been  utilized,  and  when  the  expenditure  required  was  bej'ond 
the  means  of  either  the  individual  or  the  cooi>eration  of  many  indi- 
viduals. The  preliminarj-  outlay  was  too  great.  In  older  European 
countries  experience  has  sho\ra  that  no  agency  can  be  so  wisely 
intrust^^d  with  these  larger  expenditures  as  the  State.  Large  irriga- 
tion canals  have  l)een  considered  as  being,  in  their  nature,  as  much 
public  improvements  as  are  works  to  supply  water  to  cities  and  towns. 
Being  for  the  service  of  the  public,  those  in  older  European  countries 
have  largely  passed  under  public  ownership. 

In  this  country  corporations  have,  so  far  as  construction  is  con- 
cerned, taken  the  place  of  governmental  agencies  in  other  lands. 
Practically  all  of  the  larger  and  costlier  works  built  within  the  last 
two  decades  have  been  of  this  character.  The  High  Line  Canal,  which 
waters  the  land  surrounding  Denver,  Colo.,  with  its  tunnel  through  the 
mountains  and  its  aqueduct  carried  along  the  rocky  cliffs  below;  the 
canals  of  the  Wyoming  Development  Company,  with  its  tunnel  alone 
costing  more  than  all  tin*  Gi^eeley  Colony  canals  combined,  and  its 
reservoir  for  storing  the  entire  year's  discharge  of  the  Laramie  River; 
the  Sunnyside  Canal  of  Washington,  which  when  i>uilt  traversed  60 
miles  of  sagebrush  solitude,  are  illustrations  in  three  States  of  the 
nature  of  corporat<^  contrii)uti()us  to  irrigation  development.  Even  in 
Utah,  cooi)e ration  was  not  sufficient  to  reclaim  all  of  Salt  Lake  Val- 
ley. For  forty  years  the  table-land  north  of  the  lake,  one  of  the 
largest  and  l)i»st  tracts  of  irrigable  land  in  the  valley,  remained  unoc- 
cupied, while  the  sons  of  the  pioneers  were  compelled  to  seek  homes 
in  the  surrounding  States.  To  reclaim  tliis  land,  a  canal  had  to  l)e 
carried  for  '3  miles  along  the  precipitous  sides  of  Hear  River  Canyon. 
The  flow  of  tlie  river  had  to  be  controlled  by  an  extensive  dam  and 
theMalad  River  twice  bridged  by  long  and  high  aqueducts,  and  the 
million-dollar  outlay  required  was  more  than  liome  seekers  could 
provide. 

The  creation  of  water-right  complications  came  with  the  building 
of  corporate  canals.  Previous  to  this  it  had  been  the  rule  for  those 
who  built  ditches  to  own  the  land  th(»y  watered,  and  there  was  little 
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difference  as  to  whether  the  right  to  water  went  with  the  ditch  or  with 
the  hind,  l)ecause  the  ownership  of  botli  was  united  in  the  same  person. 
But  when  companies  were  organized  to  distribute'  water  for  others  to 
irriiT^te  with  ami  to  derive  a  revenue  from  water  i-entals,  there  arose 
the  iiurstion  as  to  who  was  the  owner  of  the  right  to  the  water 
divf^rtei — the  ci>mpany  trans^iortingthe  water  or  the  farmer  who  used 
ir.  Tbe  Iaw>  of  nearly  all  the  Western  States  make  tlie  ditch  owner 
:h^  Ar-pr»:«prlAtor.  This  has  created  a  divided  ownersliip  of  land  and 
^AZr-T.  A-i  niAny  canal  companies  have  framed  water-right  contracts 
« Ti  :hr  :hr*^Ty  of  a)ieM>lute  ownership.  These  have  proven  a  source  of 
Li.^n>:An:  irritation  to  farmers.  Some  of  these  contracts  reiiuii-e  the 
farmt-r  to  pay,  at  the  outset,  a  roj^alty  or  bonus  for  the  **  right"  to 
receive  water,  the  charge  for  this  right  varying  from  i5  to  $500  per 
acre,  depending  on  the  scarcity  of  the  water  supply  or  the  value  of 
land  and  its  products.  There  is  a  very  pn^valent  feeling  among 
farmers  that  as  they  are  the  actual  '*l)eneficial  usere"  of  the  stream, 
they  should  h^y  considered  the  appropriators,  or  at  least  that  the  owner 
of  the  land  should  share  with  the  owner  of  the  ditcli  in  the  right  to 
water. 

OBJECTIONS  TO   CORPORATE   t'ANALS. 

Having  dealt  with  the  benefits  derived  from  corporate  investments 
in  irrigation  works,  it  is  now  proper  to  jioint  out  their  defects.  The 
most  serious  one  is  that  nearly  all  large  canals  have  been  losing  invest- 
ments. The  record  of  tliese  losses  is  so  stui)endous  that  it  is  reluc- 
tantly referred  to.  A  single  enterpri.se  in  one  of  the  Territories  repre- 
sents to  its  projectors  a  loss  of  over  82,(K)0,0(X).  The  Hear  River  Canal, 
in  Utah,  which  cost  over  a  million  <lollars,  was  n^cently  sold  under  a 
judgment  for  alKiUt  on<*-tentli  of  this  sum.  A  single  canal  in  Cali- 
fornia reprew-nts  a  Um*s  to  its  builders  of  over  *800,(iO().  These  are 
not  isolated  cai^4fs.  Similar  instances  might  l>e  multiplicMl  indefi- 
nitely. They  arf*  not  due  to  liad  management,  to  dishonesty,  or  faulty 
engineering.  S^jm<-  of  the-  worst  failures  in  a  financMal  sonae  have  been 
handled  by  the  bri;rhti-*»t  an<l  most  experience<l  men  in  the  West,  but 
they  were  not  able  t-»  make  their  enterjiris^^s  pay,  that  is,  they  have 
not  pai<I  their  bw:)'jer«».  Nearly  all  have  l>een  a  success  so  far  as  the 
M.'Ciion  ifj^er<-j»^^j  i«a*-  '-^in'*^-nie<l,  but  the  benelits  have  gone  to  the 
publie  aj;'3  /iOT  V/  T  fi«-  ifj*.  <-^ton-.  The  reasons  for  this  should  l>e  more 
jfener;i..y  ■jtj'>;'*v^j'J      Th<-  foDowintr  are  the  most  important: 

or^;:  'j<-lay  in  M-eiiring  s<»ttlers  for  the  land  to 
'y.ji.jjiu'j  jiayintr  eust<miei*s  for  the  water  to  be 
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limited  means;  hence,  canal  companies  have  at  the  outset  to  furnish 
water  at  small  cost,  or  furnish  to  a  small  number  of  consumers. 

(3)  The  unsuitability  of  the  public-land  laws  to  irrigation  develop- 
ment. 

(4)  The  acquirement  of  the  lands  to  be  reclaimed,  in  many  instances, 
before  canals  are  completed  by  nonresident  or  speculative  holders,  who 
would  do  nothing  for  their  improvement. 

(5)  Expenses  of  litigation.  Experience  has  shown  that  in  the  esti- 
mates of  cost  of  a  large  canal  provision  should  be  made  for  a  large 
and  long-continued  outlay  for  litigation.  It  begins  with  the  adjudi- 
cation of  the  stream  and  is  protracted  through  the  controversies  over 
water  rights. 

WATER-RIGHT  PROBLEMS  OF  THE  ARID  REGIONS. 

After  this  brief  sket-ch  of  the  beginnings  of  American  irrigation, 
some  of  the  lessons  of  which  will  be  considered  at  a  later  point  in  this 
article,  we  may  appropriately  turn  to  the  great  arid  region  as  a  whole 
and  the  complex  legal,  economic,  and  social  problems  with  which  its 
agriculture  will  vex  the  future. 

Mount  Union  (PI.  LVI,  fig.  2)  rises  in  solemn  grandeur  in  the  Wind 
River  Mountains  of  Wyoming  south  of  Yellowstone  Park.  From  this 
peak  flow  three  streams,  which,  with  their  tributaries,  control  the 
indu.strial  future  of  a  region  greater  than  any  European  country  save 
Russia,  and  capable  of  supporting  a  larger  population  than  now  dwells 
east  of  the  Mississippi  River.  These  streams  are  the  Missouri,  the 
Columbia,  and  the  Colorado.  The  first  waters  the  mountain  valleys 
on  the  eastern  slope  of  the  Rockies  and  the  semiarid  region  of  the 
Great  Plains;  the  second,  the  Pacific  northwest,  including  part  of 
Montana,  all  of  Idaho,  and  the  major  portions  of  Oregon  and  Wash- 
ington; the  third,  the  Southwest,  embracing  much  of  Utah  and  west- 
ern Colorado,  parts  of  New  Mexico  and  California,  and  all  of  Arizona. 

In  this  vast  district,  when  reclaimed,  homes  may  be  made  for  many 
millions  of  people.  To  effect  this  result  is  a  task  inferior  to  no  other 
in  the  realm  of  statesmanship  or  social  economics.  It  is  the  nation's 
farm.  It  contains  practically  all  tliat  is  left  of  the  public  domain, 
and  is  the  chief  hope  of  a  free  home  for  those  who  dream  of  enjoying 
landed  independence,  but  who  have  but  little  besides  industiy  and 
self-denial  with  which  to  secure  it.  As  it  is  now,  this  land  has  but 
little  value.  In  many  places  a  township  would  not  support  a  settler 
and  his  family,  and  a  section  of  land  does  not  yield  enough  to  keep  a 
light-footed  and  laborious  sheep  from  starving  to  death.  This  is  not 
because  the  land  lacks  fertility,  but  because  it  lacks  moisture.  Where 
rivers  have  been  turned  from  their  course,  the  products  which  have 
resulted  equal  in  excellence  and  amount  those  of  the  most  favored 
district  of  ample  rainfall. 
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There  are  only  6,000,000  acres  of  cultivated  land  along  the  Nile.  It 
is  all  irrigated.  Where  there  is  no  irrigation  there  is  desert.  This 
little  patch  of  ground  has  made  Egypt  a  landmark  in  the  world's  his- 
tory. It  supports  over  6,000,000  people  and  pays  the  interest  on  a 
national  debt  half  as  large  as  our  own.  The  Missouri  and  its  tribu- 
taries can  be  made  to  irrigate  three  times  the  land  now  cultivated 
along  the  Nile. 

The  essence  of  the  problem  to  be  met  at  the  outset  is  the  control 
and  distribution  of  the  water  supply,  since  not  only  the  enduring 
prosperity  but  the  very  existence  of  the  homes  created  will  be  con- 
ditioned upon  the  ability  to  use  these  rivers  for  irrigation.  The 
diverse  interest  of  individuals  and  communities,  and  even  of  different 
States,  will  all  be  dependent  on  streams  flowing  from  a  common 
source.  To  reclaim  all  the  land  possible  will  involve  the  spreading  of 
water  over  a  surface  as  large  as  New  England  with  New  York  added. 
Standing  now  at  the  birth  of  things  and  looking  down  the  vista  of 
the  future,  we  can  see  in  the  course  of  these  rivers  the  dim  outline  of 
a  mighty  civilization,  blest  with  i)eace  and  crowned  with  a  remarkable 
degree  of  prosperity,  in  case  wise  laws  and  just  policies  shall  prevail 
in  the  years  of  the  immediate  future  while  institutions  are  forming. 
But  if  it  be  otherwise,  if  greed  and  ignorance  are  allowed  to  govern, 
and  we  ignore  the  experience  of  older  countries  than  oure,  there  will 
i*einain  to  us  only  a  gloomy  forecast  of  legal,  economic,  and,  possibly, 
even  civil  strife. 

THE  APPEARANCE  AND  RESOURCES  OF  THE  ARID  REGION. 

In  discussing  this  phase  of  the  subject,  let  us  follow  the  Missouri, 
Columbia,  and  Colorado  rivers  in  their  lonesome  courses  through 
mountains,  plain,  and  desert  to  the  place  where  one  joins  the  Missis- 
sippi, where  another  mingles  its  waters  with  the  Pacific,  and  where  a 
third  flows  into  the  Gulf  of  California.  For  it  is  not  onlj^  interesting 
but  important  to  see  in  the  midst  of  what  surroundings  so  large  a 
future  population  must  dwell,  and  ui)on  what  other  resources  than 
water  and  land  it  will  rear  its  economic  edifice. 

The  climate  of  the  western  half  of  the  United  States  takes  its  chief 
characteristic  from  its  ariditj',  or  dryness.  The  heat  of  its  Southern 
summers  and  the  cold  of  its  Northern  winters  are  alike  tempered  and 
mitigated  by  lack  of  humidity.  Neither  the  humid  heat  which  pros- 
trates nor  the  humid  cold  which  iH^netrates  to  the  marrow  is  known 
in  the  arid  region.  The  Western  mountains  and  valleys  are  a  recog- 
nized natural  sanitarium  where  thousands  of  invalids  are  sent  each 
year  by  physicians  to  regain  their  health. 

The  dominant  feature  in  the  physical  api)earanceof  the  arid  regions 
is  its  mountain  topography.  On  every  hand  a  rugged  horizon  meets 
the  view.  From  North  to  South,  from  Canada  to  Mexico,  the  Rocky 
Mountain  Range  makes  the  backbone  of  the  continent.     Along  the 
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Pacific  coast  the  Sierra  Nevada  and  Cascade  ranges  lift  their  barriers 
to  intercept  the  moisture  and  condense  it  into  snow.  Between  these 
two  principal  chains,  with  their  connecting  ranges  and  outlying  spurs, 
are  many  minor  systems,  so  that  the  whole  country  is  a  succession  of 
mountains  and  valleys,  of  forests  and  deserts,  of  raging  torrents  and 
sinuous  rivers  winding  to  their  sinks  upon  the  plains  or  making  their 
diflBcult  way  to  the  distant  ocean.  The  far  West  is  thus  a  land  of  the 
greatest  scenic  beauties,  and  widely  celebrated  as  such. 

The  cultivable  lands  lie  in  the  valleys,  rising  with  gradual  slox)e  on 
either  side  of  the  streams  to  meet  the  foothills.  Narrowing  to  the 
mountains,  these  valleys  widen  as  the  river  loses  grade  and  approaches 
the  sea  or  its  confluence  with  a  larger  stream.  There  are  valleys 
which  will  accommodate  hundreds,  others,  thousands  or  tens  of  thou- 
sands, and  a  few,  like  the  Sacramento,  in  California,  where  millions 
may  dwell. 

In  the  eastern  portion  of  the  arid  region,  and  in  high  altitudes 
farther  west,  the  land  is  covered  with  nutritious  natural  grasses,  which 
furnish  ideal  range  for  live  stock.  But  the  characteristic  badge  of 
the  region  is  the  sagebrush.  This  brave  plant  of  the  desert  is  com- 
monly held  in  derision  by  those  who  behold  it  for  the  fii*st  time,  and 
until  they  learn  to  know  it  as  the  shelter  and  dependence  of  range 
live  stock  when  the  terrible  blizzard  sweeps  from  the  north  and  as  the 
sure  indication  of  good  soil  and  the  humble  prophet  of  the  field, 
orchard,  and  garden.  Thus,  it  happens  that  to  the  casual  traveler 
the  appearance  of  the  region  is  forbidding.  It  is  only  in  localities 
where  the  work  of  reclamation  has  been  in  progress  long  enough  to 
permit  the  growth  of  trees,  with  farms  and  homes,  that  the  value  of 
the  soil  and  climate  can  be  appreciated.  There  are  such  instances  in 
all  the  seventeen  States  and  Territories  of  the  far  West.  One  of  the 
most  striking  is  the  Salt  River  Valley  of  Arizona.  Here  the  traveler, 
after  a  long  and  tiresome  journey  through  waste  places,  finds  himself 
suddenly  confronted  with  homes  rivaling  in  taste  and  luxury  those  of 
Eastern  States,  and  with  orchards  and  gardens  which  resemble  more 
the  century-old  gardens  of  France  and  Italy  than  a  creation  of  the 
last  twenty  years. 

Similar  instances  are  the  San  Bernardino  Valley  of  southern  Cali- 
fornia, the  Salt  Lake  Valley  of  Utah,  and  the  Boise  Valley  of  Idaho. 

MINERAL  WEALTH  OF  THE  ARm  REGION. 

Another  fact  which  contributes  to  the  breadth  of  the  economic 
foundation  of  Western  agriculture  is  the  variety  and  value  of  its  min- 
eral wealth.  In  this  it  is  richly  endowed,  not  only  with  the  precious 
metals,  but  with  the  baser  ones  used  in  arts  and  industries,  and  with 
unusual  quantities  of  coal,  ore,  and  building  stone,  the  latter  of  which 
includes  many  rare  and  valuable  kinds,  such  as  marble,  onyx,  and 
agate. 
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While  the  annual  value  of  these  products  runs  into  the  tens  of  mil- 
lions of  dollars,  it  is  literally  true  that  their  development  is  yet  in  its 
infancy.  With  the  extension  of  railroad  facilities,  the  improvement 
and  cheapening  of  mining  processes,  the  extension  of  agriculture,  and 
consequent  increase  in  the  volume  and  decrease  in  the  cost  of  the  home 
food  supply,  the  gain  in  annual  production  will  assume  in  the  future 
dimensions  which  would  now  be  considered  beyond  belief. 

SOURCES  OF  FUTURE  PERMANENT  PROSPERITY  IN  THE  ARID  REGION. 

To  the  mines  must  be  added  the  forests  which  clothe  the  mountain 
sides,  especially  those  of  the  northern  part  of  this  region.  To  a  large 
extent  this  is  still  virgin  ground,  where  only  the  foot  of  the  hunter 
and  explorer  has  trodden.  It  is  a  region  unrivaled  in  its  opportuni- 
ties for  the  development  of  water  power.  The  Shoshone  Falls  in  Idaho 
are  scarcely  inferior  to  those  of  Niagara.  The  hundreds  of  streams 
which  fall  from  the  10,000-foot  level  of  the  Rocky  Mountain  Range  to 
the  4,000-foot  to  5,000-foot  level  of  the  plain  at  their  Iwise  are  destined 
to  turn  more  wheels  of  industry  than  have  yet  been  harnessed  west  of 
the  Mississippi  River.  Back  of  the  irrigated  lands  are  the  grazing 
lands,  of  which  there  are  probably  not  less  than  400,000,000  acres. 
These  lands  have  been  the  dominant  factor  of  the  pioneer  life  of  many 
of  the  arid  Commonwealths,  and  they  are  destined,  under  proper  man- 
agement, to  always  constitute  the  great  nursery  of  cattle,  sheep,  and 
horses.  The  irrigated  farm  has  back  of  it  the  mine,  the  furnace/ 
and  factory,  and  the  civilfzation  of  Western  America  can  not  fail 
to  have  a  prosperous  and  varied  industrial  life.  Here  there  can 
be  no  one-sided  development,  no  community  exclusively  devoted  to 
the  production  of  com,  wheat,  or  cotton,  to  manufactures,  or  to  com- 
merce. The  farm,  the  stock  ranch,  the  lumber  camp,  the  mine,  the 
factory,  and  the  store  are  destined  to  grow  up  and  flourish  side  by 
side,  each  drawing  support  from  and  furnishing  sustenance  to  the 
others. 

PRESENT  AND  FUTURE  OP  IRRIGATION. 

The  present  situation,  the  results  secured,  and  the  tasks  ahead  in 
securing  a  wise  disposal  of  the  arid  lands  and  in  preventing  the  rivers 
from  iMJComing  an  instrument  of  monopoly  and  extortion,  will  now  be 
considered. 

We  are  met  at  the  outset  by  an  entire  absence  of  deflnite  informa- 
tion. We  do  not  know,  nor  is  there  any  ready  means  of  determining, 
how  many  irrigation  works  have  been  built.  In  many  States  no  pro- 
vision is  made  for  their  record.  In  only  two  States  is  this  record 
even  measurably  accurate  or  complete.  There  may  be  76,000  com- 
pleted ditches,  or  there  may  be  double  the  number,  but  either  as  to 
their  num})er  or  as  to  the  number  of  acres  of  land  reclaimed  thereby 
there  is  only  surmise  and  conjecture.    This,  however,  is  known,  that 
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the  highest  priced  and  most  productive  farm  lands  on  this  continent 
are  in  the  arid  region;  that  the  largest  yield  of  nearly  every  staple 
crop  has  been  obtained  bjMhe  aid  of  irrigation;  that  not  only  has  the 
growth  of  agriculture  furnished  a  market  for  the  factories  of  the 
East  and  supported  the  railroads  which  unite  the  two  extremes  of 
the  country,  but  it  is  the  chief  resource  of  nearly  every  one  of  the 
arid  States.  Colorado  leads  all  the  States  of  the  Union  in  her  output 
of  precious  metals,  but  the  value  of  the  product  of  her  farms  is  nearly 
double  that  of  her  mines. 

In  California  it  is  the  grain  6elds  and  orange  orchards  which  sup- 
port the  majority  of  her  industrial  population  and  furnish  the  basis 
for  her  future  material  growth  and  prosperity.  The  lieginnings  of 
Utah  were  wholly  agiicultural,  and  without  the  irrigated  farms  the 
cities  of  that  interior  Commonwealth  would  as  yet  be  only  a  dream. 
In  a  less  striking  degree  the  same  condition  prevails  in  Idaho,  Wyo- 
ming, Montana,  New  Mexico,  and  Arizona.  This  is  the  situation, 
while  irrigation  is  as  yet  in  its  infancy.  The  reclaimed  areas,  though 
making  a  large  aggregate,  look  very  insignificant  relatively  to  the  rest 
of  the  country  when  delineated  ujwn  a  map  of  the  arid  region.  The 
possibilities  of  reclamation  have  but  begun  to  be  realized,  yet  when 
every  available  drop  of  water  shall  have  been  applied  to  the  soil  the 
irrigated  lands  will  constitute  a  comparatively  small  proportion  of  the 
entire  country.  The  possibilities  of  irrigation  are,  however,  to  be 
measured  not  alone  by  the  possible  extent  of  the  agricultural  industry, 
but  by  the  development  of  other  resources  which  it  will  make  feasible. 
The  best  and  largest  use  of  the  grazing  lands,  the  utilization  of  the 
forests,  the  development  of  mines  and  quarries,  and  the  maintenance 
of  railroads  and  commerce  in  the  western  half  of  the  United  States, 
all  hinge  upon  the  control  and  use  of  streams  in  connection  witli  tlie 
fundamental  industry  of  agriculture.  Since  irrigation  is  essential  to 
agriculture  in  the  arid  States,  the  extent  and  character  of  its  develop- 
ment must  surely  measure  the  superstructure  to  be  built  upon  that 
foundation. 

GROWTH  OF  IRRIGATION   AND  NEED   OF   BETTER  LAWS. 

Some  of  the  beginnings  of  irrigation  have  been  referred  to.  The 
details  of  its  growth  can  not  be  dealt  with.  It  has  been  crude  in 
many  ways.  There  has  been  no  attempt  to  provide  for  the  diversion 
of  rivers  according  to  some  prearranged  plan  having  for  its  object  the 
selection  of  the  best  land  and  the  largest  use  of  the  water  supply. 
Instead,  each  appropriator  of  water  has  consulted  simply  his  ability 
and  inclination  in  the  location  of  his  head  gate.  There  has  been  an 
almost  complete  failure  to  realize  that  the  time  was  coming  when  on 
many  streams  the  demand  would  exceed  the  supply,  and  that  a  stable 
water  right  would  be  as  important  as  a  valid  land  title.  The  laws 
passed  for  recording  claims  are,  as  a  rule,  so  loosely  drawiv  w2l<L 
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imperfect  that  they  would  be  a  source  of  amusement  if  tlie  evil  results 
of  their  operation  were  not  so  disastrous.  3Iore  than  half  of  the  State 
laws  provide  for  inaugurating  a  title  to  water  by  posting  a  notice  on 
the  banks  of  the  stream.  They  have  not  aided  the  pn)posed  appro- 
priator,  l)ecause  the  right  to  post  other  appropriations  was  unre- 
stricted. They  are  of  no  use  as  a  warning  to  others,  because  not  one 
in  ten  thousand  of  the  parties  concerned  ever  see  them.  A  scmrch 
for  these  notices  along  the  cottonwoo<l  borders  of  the  Missouri  and  it« 
tribuUiries  would  be  the  unending  lal)or  of  a  lifetime;  hence,  the 
requirement  was  and  is  ignored;  it  is  another  of  the  many  influences 
tending  to  un.settle  irngators'  just  rights  and  bringing  the  attempts  to 
frame  laws  for  their  protection  into  disrc4)ute. 

Looking  over  the  field  at  the  close  of  the  centurj-,  we  find  that  tlie 
United  States  stands  practically  alone  amcmg  irrigation  countries  in 
having  left  all  the  work  of  reclamation  to  the  unaided  efforts  of 
private  capital,  and  in  the  prixligality  of  the  surrender  of  public  con- 
trol of  streams.  In  one  respect  tlie  policy  pursu<Ml  has  l)een  suc- 
cessful. It  has  resulted  in  an  enormous  investment  (not  less  than 
♦100,0(X),(K)0,  and  some  estimates  make  it  twice  that  sum)  and  the  crea- 
tion of  taxable  and  productive  wealth  of  nmny  times  the  amount 
invested.  We  have  now  about  reached  the  limit  of  this  sort  of  growth. 
There  will  be  few  large  private  investments  in  canals  hc»reafter  until 
we  have  better  an<l  more  lil)eral  irrigation  laws.  Kntrancc^  on  the 
coming  century  is  confronted  by  larger  problems;  tlie  storage  of  Hood 
watei-8,  the  interstate  division  of  streams,  and  the  inauguration  of  an 
adequate  system  of  public  control,  which  will  insure  to  the  humblest 
handler  of  a  shovel  his  share  of  the  snows  falling  on  mountains  above 
his  farm,  no  matter  how  far  removed  therefrom  he  may  be. 

NEED  OF  REFORM    IN  THE  MANAtlEMENT  uF  ARID   PUBLIC   LAND. 

Along  with  better  water  laws  should  come  a  cori'esponding  reform 
in  the  management  of  the  remaining  arid  public  land.  At  the  outset 
of  its  settlement  these  problems  were  entirely  new  to  English-speaking 
men. 

Early  settlers  came  from  the  humid  portions  of  Europe  and  settled 
along  the  humid  coast  line  of  the  Atlantic  and,  later,  in  the  humid 
valleys  of  the  Ohio  and  Mississippi  rivers.  The  land  laws  which  they 
applied  to  the  public  domain  of  their  day  produced  excellent  results, 
making  homes  for  millions  of  people  and  effecting  a  wonderful  devel- 
opment of  material  resources. 

When  settlement  had  proceeded  under  these  laws  to  the  Missouri 
River  and  beyond,  it  was  not  strange  that  their  principles  were 
extended  to  the  remaining  public  domain,  for  the  vast  majority  of  the 
American  people  had  no  conception  whatever  of  the  conditions  exist- 
ing in  the  far  West.  Not  only  the  national  lawmakers,  drawn  mostly 
from  regions  of  abundant  rainfall,  but  the  legislators  in  the  arid  States 
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themselves  were  blind  to  the  necessities  of  the  situation.  The  value 
of  gold  they  knew,  but  the  value  of  that  other  element  of  national 
wealth,  w^hich  will  continue  to  sustain  vast  populations  long  after  the 
last  ounce  of  gold  shall  have  been  taken  from  the  mine,  they  did  not 
even  dimly  appi^eciate.  So,  to  a  large  extent,  they  merely  reenacted 
upon  their  statute  books  the  common  law  of  rainy  and  foggy  England. 

HOMESTEAD  LAW   NOT   ADAPTED  TO  THE   ARID  REGION. 

The  homestead  law  may  have  served  a  useful,  even  a  beneficent, 
purpose  throughout  large  sections  of  the  Republic,  but  it  is  not  adapted 
to  the  settlement  of  a  region  where  practically  nothing  can  bo  grown 
except  by  artificial  application  of  water.  This  fact  has  been  learned 
at  last  through  many  years  of  hardship  and  disappointment,  at  the 
cost  of  many  million  dollars.  One  of  the  most  pitiful  pages  in  the 
history  of  the  West  is  that  which  records  the  story  of  the  settlement 
of  the  semiarid  belt  lying  between  the  ninety-seventli  meridian  and 
the  foothills  of  the  Rocky  Mountains.  This  is  a  territory  500  miles 
wide,  extending  from  Canada  to  Mexico,  including  the  western  por- 
tions of  the  two  Dakotas,  Nebraska,  Kansas,  and  Texas,  and  also 
eastern  Colorado.  In  the  absence  of  scientific  demonstration  to  the 
contrary,  tens  of  thoiisands  of  people  rushed  into  this  territory  under 
the  delusion  that  it  was  a  land  of  reliable  rainfall,  or  would  soon 
become  such  as  the  result  of  settlement  and  cultivation. 

New  settlements  sprung  up  in  every  direction,  and  important  towns 
arose  almost  in  a  night.  Men  hastened  from  all  parts  of  the  country 
to  claim  their  rights  under  the  homestead  law.  Remembering  the 
prosperity  which  similar  armies  of  settlers  had  wrung  from  the  virgin 
soil  of  the  West,  unlimited  capital  lent  willing  support  to  this  new 
outward  surge  of  growing  population.  The  capital  was  largely  lost, 
but  the  pathetic  side  of  the  picture  was  seen  in  the  bitter  disappoint- 
ment of  the  settlers  themselves.  Many  of  them  wasted  the  most  use- 
ful and  pregnant  years  of  their  lives  in  their  brave  persistence  in  the 
belief  that  the  climate  would  change  as  the  land  came  under  cultiva- 
tion, and  that  there  was  some  magic  potency  in  the  homestead  law  to 
overcome  the  processes  of  nature.  It  is  recognized  at  last  that  where 
water  sufficient  for  purposes  of  irrigation  can  not  be  had  the  land  is 
useful  only  for  grazing.  It  is  a  mistake  for  the  Government  to  offer 
to  citizens  land  of  that  character  on  condition  that  they  will  settle 
upon  160  acres  of  it  and  make  a  living.  There  can  be  but  one  of  two 
results — either  the  settler  must  fail  or  he  must  become  practically  the 
tenant  of  the  person  or  corporation  furnishing  water  for  his  dry  land. 

OPERATIONS  OF  THE   DESERT-LAND  LAW, 

The  desert-land  law  was  devised  to  promote  the  investment  of  cap- 
ital ratlier  than  to  encourage  settlement.     For  this  reason  it  did  not 
require  actual  residence  on  the  land  reclaimed.     Originally .,  ^Vkft^^i^Kt 
2082 2 
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would  irrigate  640  acres  of  land  was  given  title  thereto  on  the  pay- 
ment  of  the  Government's  price.  Later  this  acreage  has  been  reduced 
to  one-half  the  original  area.  The  o|)e ration  of  this  law  has  been 
both  useful  and  injurious.  To  give  so  large  an  ai*ea  to  men  of  small 
means  is  a  mistake,  becituse  it  is  more  than  is  needed  to  make  a  home 
and  more  than  they  can  cultivate.  It  is  not  suited  to  corporate  enter- 
prise, or  to  reclaim  large  valleys  which  can  1m»  watered  from  a  single 
canal,  l>ecause  it  makes  no  provision  for  concerted  or  effective  man- 
agement  of  the  entire  area.  Its  field  of  effective  usefulness  luui 
therefore  been  limited.  While  it  has  adde<l  somewhat  to  the  taxable 
and  productive  wealth  of  Western  States,  it  hiis  also  operated  to  trans- 
fer to  single  owners  miles  of  water  front-s  which  without  this  law 
would  liave  been  divided  up  into  Kumller  farms  with  better  social  and 
agricultural  conditions. 

THE  CAREY   ACT. 

What  is  popularly  known  as  tlie  Carey  Act,  from  the  name  of  ite 
author.  Senator  Carey,  gives  to  eacli  State  tlie  right  to  segregate 
1,000,000  acres  of  land  and  to  control  lM)th  its  rt'chimation  and  dis- 
posal to  settlers.  The  limitations  of  the  ()iH»rationsof  this  act  ccmflne 
its  l>enefits  simply  to  the  opiwrtunity  to  secure  lH»ttcr  management 
during  the  time  of  canal  building  and  settl<»nient.  Five  States  have 
accepted  the  trust,  but  in  only  one,  Wyoming,  have  any  canals  l>een 
completed.  These  canals  have  Ihhmi  built  by  <*onipaiiies  operating  \^ 
under  a  contract  with  the  State.  In  Montana  it  is  pn)iK)sed  to  con*  3 
struct  State  canals  from  money  obtained  by  selling  bonds  S4*cured  by  ;-5 
the  land  to  l^e  irrigate<l.  Enough  progress  has  not  as  yi»t  b(»en  made  -Ij 
to  detiirmine  whether  or  not  this  innovation  on  past  iriigation  meth*  -5 
ods  is  to  meet  with  success;  if  it  does,  the  thiixl  step  in  the  evolution  .^^ 
of  canal  building,  which  is  tlie  construction  of  State  works,  will  have  ,^ 
been  inaugurated. 

INFLUENX'E  OF   THE   RAN(iE   INDISTRIES. 

To  a  certain  extent  there  is  an  inevitabl<M»onflict  between  those 
wIk)  ./ish  to  use  the  public  domain  for  homes  and  tliose  who  prefer  to 
have  it  reserved  for  pasture,  and,  again,  luMween  thosi*  who  wish  to 
use  the  pasture  for  cattle  and  thos<^  who  want  it  for  sheep. 

Th(*  range  industries  obtained  i)ossessi(m  of  tlie  field  lowfr  ]>efore 
th(»  higher  utility  of  the  lands  for  irrigation  and  settlement  was  gen- 
erally appreciate*!.  When  irrigatoi*s  did  come,  they  worked  more  or 
less  injury  to  the  range  sto(*kmen,  for  each  settl(»r  occupied  a  part  of  S 
the  water  front  and  add(Ml  to  the  numlK»r  <lesiring  to  use  the  free 
grazing  land.  It  is  for  the  interest  of  the  range-stock  industry  that 
access  to  .streams  bo  made  as  free  as  possible  and  that  nothing  be 
done  to  reduce  their  volume  or  prevent  the  overflow  of  natural  mead- 
ows, while  the  higher  i?\terest  of  irrigation  and  settlement  demands 
that  the  stream  be  diverted  and  its  waters  <listribute<I  over  the  widest 
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possible  area.  The  conflict  is  between  the  wasteful  use  of  water  on 
the  one  hand  and  its  economical  use  on  the  other,  and,  in  a  sense, 
between  a  primitive  and  a  more  highly  organized  civilization. 

This  statement  should  not  be  construed  as  denying  that  the  range- 
stock  industry  is  of  vast  importance  nor  that  it  will  continue  to  be  a 
great  source  of  wealth  to  the  country.  Throughout  tl^e  West  there 
are  very  large  areas  suited  to  nothing  else.  The  point  is  that  the 
higher  interest  of  society  lies  in  the  most  economical  and  profitable 
use  of  water  to  the  end  that  homes  may  be  made  for  the  largest  pos- 
sible number.  Neither  water  nor  land  laws  have  favored  this  result, 
but  precisely  the  contrary.  The  object  of  reform  should  be  to  pre- 
serve and  develop  all  interests,  to  adapt  laws  and  institutions  to  the 
peculiar  conditions  and  environment  of  the  region.  This  can  be 
done  with  far  greater  security  to  the  pastoral  industries  than  they 
enjoy  under  the  present  system,  and  at  the  same  time  land  and  wat^r 
available  for  making  homes  and  farms  utilized  to  the  best  advantage. 

UNCERTAINTY  AS  TO  STATE  AND  FEDERAL  JURISDICTION. 

The  pioneers  of  irrigation  are  menaced  by  the  uncertainty  which 
exists  as  to  the  limits  of  State  and  federal  jurisdiction  in  the  control 
of  streams.  It  has  heretofore  been  assumed  that  the  authority  of 
each  State  within  its  borders  was  unquestioned,  and  two  of  the  States 
contain  constitutional  provisions  asserting  absolute  ownership  and 
control  of  all  the  waters  within  their  bounds.  A  recent  decision  of 
the  United  States  circuit  court  in  Montana  holds  this  view  to  be  erro- 
neous, and  that  the  snows  which  fall  on  public  land  and  the  streams 
which  cross  it  are  both  under  the  control  of  Congress.  A  similar 
complication  has  arisen  in  litigation  over  a  reservoir  on  the  Rio  Grande, 
in  which  both  interstate  and  international  rights  are  involved.  In 
this  case  the  United  States  Supreme  Court  has  asserted  the  right  of 
the  General  Government  to  protect  the  int^i*ests  of  navigation  regard- 
less of  Stat<3  statutes  respecting  the  use  of  water  in  irrigation.  The 
assertion  of  the  paramount  importance  of  riparian  rights  and  of  the 
protection  of  navigation,  regardless  of  the  use  of  water  in  irrigation, 
will  add  greatly  to  the  uncertainty  regarding  water  rights  fr6m  the 
tributaries  of  the  Missouri  or  any  other  of  the  rivers  navigable  in  any 
portion  of  their  course.  The  reclamation  of  the  arid  region  involves 
the  absorption  of  streams,  and  it  can  not  be  settled  too  soon  whether 
or  not  such  absorption  is  to  be  permitted. 

COMPLICATIONS  FROM   LACK  OF  UNIFORM  WATER  LAWS. 

On  the  other  hand,  serious  complications  have  arisen  from  the  absence 
of  any  general  or  national  regulations  governing  the  division  of  water 
across  State  lines.  There  are  many  instances  where  one  stream  is  a 
common  source  of  supply  to  irrigators  in  two  or  more  States.  It  has 
sometimes  happened  that  the  perennial  flow  of  such  streams  has  b^^\N. 
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first  appropriaU^d  in  a  State  along  its  lower  coui'se  and  utilized  at  a 
later  period  by  other  States  near  ita  source.  Neither  of  the  States 
concerned  possesses  power  to  remedy  the  evil,  and  each  makes  claim 
to  all  the  water  flowing  upon  its  soil. 

The  conditions  which  govern  irrigation  throughout  much  <»f  the 
arid  region  are  practically  uniform,  and  where  this  is  true  then*  is  no 
question  that  a  uniform  irrigation  law  would  oiMM*ate  with  equal  jus- 
tice and  efficiency;  but,  owing  to  the  absi»nce  of  such  general  su|K*r- 
vision,  water  rights  in  States  adjacent  to  each  other  an»  often  as 
different  in  character  as  if  these  Commonwealths  were  on  opiH)site 
sides  of  the  globe.  Failure  to  correct  or  reganl  these  complications 
aggravates  the  evils  to  which  they  give  rise  and  renders  the  ultimate 
adoption  of  a  uniform  system  of  laws  far  mon»  difficult.  Thero  is  but 
one  thing  the  States  have  shared  in  common,  and  that  is  endless  liti- 
gation over  water  rights.  Then*  is  no  uniformity  of  laws  (»r  de<*lsions. 
The  same  issues  are  tried  over  and  ov(»r  again,  and  th(*  pnMM»<lent 
established  in  one  case  is  overt urne<l  in  another.  The  construction 
of  costly  works,  and  even  the  long  use  of  water,  has  not  always  Ikhmi 
sufficient  to  secure  jiarties  in  their  rights.  Where  rights  have  l>een 
successfully  maintained,  it  has  ])een  done  cmly  at  the  price  of  constant 
lawsuits. 

Usually  the  amount  of  water  claimiMl  is  nmny  times  in  excess  of 
what  the  projected  canal  can  utilize;  frecjuently  in  excess  of  the  entire 
volume  of  water  in  the  stream.  There  is  no  one  to  pnUect  the  public 
interest  as  to  the  character  of  works  to  l)e  built  or  to  sav  whether 
they  conform  to  good  public  inilicy.  Th<*  courts  (*onfirm  these  loose 
appropriations,  and  the  foundation  for  endless  litigation  is  thus 
securely  laid.  The  question  soon  arises  as  to  who  first  appiopriated 
the  waters  which  do  not  suffice  for  all.  There  is  then  nothing  to  fall 
back  upon  except  the  faulty  fflings  whi(;h  weiv  originally  posted  on 
the  banks  of  the  stream  and  the  testimony  of  interested  citizcMis.  It 
frequently  happens  that  old  claims  for  very  large  amounts  of  water 
have  not  been  utilized  to  their  full  extent  until  later  comers  have 
appropriated  the  unused  surplus.  The  old  (?laim  is  then  enforced  at 
the  expense  of  the  later  one.  The  I'esult  is  confusion,  loss,  and  bit- 
terness among  neighbors. 

The  difficulty  lies,  first  of  all,  in  popular  misconception  regarding 
the  nature  of  water  rights  and  of  property  in  water.     This  is  enhanced 
by  lack  of  scientific  information  concerning  the  character  and  extent 
of  water  supplies  and  of  the  amount  required  for  beneficial  irrigation 
Still  further,  there  is  a  great  need  for  a  different  system  of  appropr 
ating  waters  and  of  distributing  a  common  supply  among  consumer 
These  delicate  and  complex  issues  c^in  not  be  fought  out  among  pi 
vate  parties  without  producing  a  condition  of  virtual  anarchy,  in  whi 
the  weak  must  go  down  and  the  stmng  survive,  regardless  of  tb 
merits  or  necessities.    The  failui*e  of  the  irrigation  industry  from 
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financial  standpoint  is  almost  wholly  due  to  the  illogical  land  and 
water  laws  which  have  been  described. 

METHODS  AND  MEASURES  NEEDED  TO  DEVELOP  THE  ARID  REGION. 

It  is  well  to  consider  now  by  what  methods  and  by  what  measures 
of  legislation  the  splendid  resources  of  the  arid  region  may  be  opened 
to  development. 

The  first  step  is  to  determine  the  proper  control  and  just  distribu- 
tion of  the  water  supply.  The  problem  varies  with  different  portions 
of  the  arid  i-egion.  In  the  South,  streams  are  generally  torrential  in 
character,  furnishing  the  bulk  of  their  waters  in  heavy  floods,  which 
must  be  stored  in  the  many  natural  sites  available  in  the  mountains 
at  a  distance  from  the  places  where  the  water  is  to  be  applied  to  the 
soil.  In  the  North,  on  the  other  hand,  the  in-oblem  is  not  that  of 
storage,  but  of  the  divei*sion  of  great  rivers  like  the  Yellowstone,  the 
Snake,  the  Columbia,  and  the  Missouri.  Here  works  adequate  to  the 
reclamation  of  the  areas  of  arid  land  which  remain  can  only  be  built 
at  great  cost,  rivaling  those  along  the  Ganges  and  the  Nile. 

Before  such  dev(*lopment  proc(»eds  further  it  is  desirable  that  some 
common  agreement  shouhl  be  reached  concerning  the  true  character 
of  water  rights.  The  id«»a  of  private  ownership  in  water  apart  fi'om 
the  land  can  not  prevail  without  creating  institutions  essentially  feudal 
in  character.  A  water  lord  is  even  more  undesirable  than  a  landlord 
as  the  dominant  element  in  society.  It  is  indisputable,  as  has  already 
been  said,  that  the  man  who  owns  the  water  practically  owns  the  land. 
A  proposition  which  contemplates  the  turning  over  of  all  the  land  to  a 
private  inonoiK)ly,  thus  making  a  tenantry  of  t  hos<*  who  may  have  their 
homes  ni>on  it  in  the  future,  could  not  hope  tt>  command  popular  sup- 
port. Hut  the  idea  of  a  private  ownership  of  water,  amounting  to  a 
virtual  monopoly  of  tiiis  vital  element,  has  been  permitte<l  to  grow 
up  in  the  West.  To  a  certain  <*xtent  it  has  obtained  recognition  in 
legislation  and  protection  in  judicial  dtvretvs  and  decisions.  In  other 
countries  the  <loctrine  lias  largeh'  disap]M»an'(K  and  in  our  country  it 
should  give  place  to  a  more  enlighten(»d  eoneeption,  and  to  the  only 
principle  that  can  safely  be  adopted  as  the  foun<lation  of  the  agricul- 
tural industrv  in  the  West. 

The  right  to  water  whieh  should  Im»  n*cognized  in  an  arid  land  is  the 
right  of  use,  and  even  this  must  be  restricted  to  beneficial  and  eco- 
nomical use  in  order  that  the  water  supply  may  serve  the  nee<ls  of  the 
largest  possible  number.  Ownership  of  water  should  be  vested,  not 
in  companies  or  individuals,  but  in  the  land  itself.  When  this  prin- 
ciple is  adopted,  the  control  of  the  water  is  <iivide<l  precisely  like  the 
land,  among  a  multitude  of  projuMetois.  Keservoirs  and  canals  are 
then  like  the  streets  of  the  town,  sc^rving  a  ])ublie  purpose  and  j>er- 
mitting  ready  access  to  private*  pi'operty  on  every  Imnd.  Water 
monopoly  is  impossible  under  this  nietho<l,  and  no  otlier  aUvvs^o:  v*. 
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enoouraged  by  il.  Years  of  painful  exiH^rienee  have  abunilantly 
proven  that  peaceful  and  onlerly  <levelopnient  can  not  \^e  realized 
except  iiH  water  an<l  land  are  forever  united  in  one  ownership  and 
canals  treated  merely  as  public  or  s<Mnipu]>li<*  utiliti(*s  rather  than  as 
a  means  of  fasteniujj:  a  monofioiy  upon  the  community.  In  Wyoming 
and  Xebraska  the  true  prin<'iple  has  aln»ady  Immmi  adopted  b}-  the 
StaU*!  boanls  of  contnd  and  put  into  practice  with  tin*  ]M»st  results.  If 
it  can  1k»  maintained  and  siK»edily  <»xt<Mide<l  to  \\\o  other  States,  as  it 
Hun^ly  must  be  in  time,  it  would  mark  an  economic  n^form  of  the 
highest  signiflcanc4»  in  the  life  of  the  W<»st. 

APPKOPKIATION'  AND   DISTRUiUTloN   t)F  THE   WATER  srPFLY. 

Next  in  imiK)rtance  to  the  corn^ct  solution  of  th«»  question  of  water 
ownership  aiv  the  great  probh^ms  <if  appropriation  and  of  <listribu- 
tion.  As  soon  as  possibU'  all  ditches  usimI  in  irrigation  should  be 
can?fully  measure<l  })y  scmuo  public  auiluirity  and  tin*  results  of  this 
nieasun»ment  1h^  giv<Mi  tin*  wi<b»st  publicity,  in  order  that  irrigators 
may  know  approximately  liow  mucli  is  tak(*n  ancl  how  much  nMnains 
to  }k»  taken  by  new  <*anals.  The  nce<l  of  tliis  infdrmation  is  so  obvious 
t)mt  it  will  perhaps  1m*  dilTicult  for  rca<lers  unfamiliar  with  the  sub- 
ject to  cre<lit  the  ass(»rtion  that  in  all  but  four  of  the  Western  Statues 
the  matter  has  l><»<»n  wholly  neglect <m1.  This  fact  is  largely  resi>oii- 
sible  for  the  disheartening  litigation  which  prevails  so  wid(»ly. 

It  is  of  almost  ('(J ual  importance  to  have  a  scientific  deiermination 
of  the  practical  duty  of  water,  showing  the  amount  retjuired  fordiffer- 
ent  soils  and  crops.  Still  further,  there  must  In*  souk*  form  of  public 
control  in  the  distribution  of  watc»r.  Trouble  alwavs  results  wheu 
this  is  left  to  rival  usiM's  to  determine  how  much  they  uc^kI,  espe- 
cially in  yeai'sof  partial  <lrought,  when  tlie  supply  may  be  insufli<*ient 
for  all,  and  it  is  consr'quently  necessary  to  reco^^nizc  appropriations 
in  the  order  of  their  priority. 

(Check  gates  on  main  canal  and  a  measurini;  weir  are  shown  in 
PI.  LVIII.) 

PUBLIC   SUI'ER VISION   AND   CONTROL   oF   IRUlOATION. 

The  entire  discussi<»n  leads  ui)to  oii<^  inevitable*  conclusion:  This  is 
that  irrigation,  overan«l  above  all  <itheriu<lustries,  is  a  matterdemand- 
ing  public  supervision  aii<l  control.  Kvery  drop  of  water  entering  the 
head  gate,  and  every  drop  escaping  at  th<j  end  of  the(*anal,  is  a  nmtter 
of  public  concern.  Tli(»  public  must  determine,  rhniiigh  constitutions 
and  statutes,  the  nature  of  wat<»r  ownership.  The  public  must,  estab- 
lish means  for  the  measurement  of  streams  and  for  ascertaining  how 
much  water  may  bi^  tak<Mi  for  each  acre  (»f  lan<l  under  the  princiide 
of  Iw^neficial  use.  The  public  must  scm»  that  justice  is  done  in  the 
distribution  of  water  among  tliose  who  have  properly  established 
their  rightful  claims  to  it.     We  have  tlioroughly  tried  the  method  of 
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leaving  all  this  to  private  initiative  and  management,  and,  along  ^ith 
magnificent  material  progress,  we  have  reai)ed  a  large  crop  of  deplor- 
able financial  results. 

While  much  must  be  left  to  the  action  of  States  and  communities, 
there  is  still  a  wide  field  for  national  effort.  Only  the  nation  can  leg- 
islate as  to  the  public  lauds  and  reform  the  abuses  which  have  been 
referred  to  in  connection  with  the  present  system  of  land  laws.  There 
is  a  strong  popular  demand  in  the  West  for  legislation  providing  pub- 
lic aid  in  the  construction  of  works  of  too  great  magnitude  and  cost 
for  private  enterprise  and  a  growing  belief  that  one  of  two  things 
should  be  done:  Either  the  arid  States  should  be  placed  in  a  position 
to  extend  this  aid,  or  the  General  Government  should  extend  the  work 
it  is  now  doing  in  the  reclamation  of  certain  Indian  reservations  to 
the  reclamation  of  the  unoccupied  public  lands.  One  policy  much 
discussed  and  widely  favored  is  legislation  which  will  permit  of  the 
leasing  of  the  public  grazing  lands  for  a  term  of  years  at  a  small 
annual  rental,  the  proceeds  to  be  given  to  the  several  arid  States  and 
applied  by  them  to  irrigation  development.  If  this  is  carried  out,  the 
settlers  owning  the  contiguous  irrigated  land  should  be  favored;  the 
object  being  to  unite  with  the  lands  reclaimed  a  certain  portion  of 
the  public  pasture. 

The  National  Government  alone  can  make  the  best  and  broadest 
study  of  the  various  economic  questions  related  to  the  development 
of  agriculture  on  arid  lands.  This  includes  not  only  the  measure- 
ment of  streams  and  survey  of  reservoir  sites,  but  also  a  consideration 
of  practical  methods  of  applying  water  to  the  soil  and  of  social  and 
industrial  institutions  adapted  to  the  environment  of  the  arid  region. 
The  nation  alone  can  deal  with  the  conflicting  rights  in  interstate  and 
international  stix^ams  and  with  the  construction  of  great  reservoirs  at 
their  head  waters,  with  a  view  to  benefiting  the  several  States  lying 
along  their  coui*se.  The  National  Government  is  already  active  along 
all  these  lines,  and  the  field  for  the  expansion  of  its  efforts  is  wide 
and  inviting. 

INFLUENCE  OF   IRRIGATION  UPON   PEOPLE  AND  COUNTRY. 

While  a  description  of  existing  conditions  in  tlie  far  West  neces- 
sarily includes  references  to  many  evils  and  disiippointments,  there  is 
a  brighter  side  to  the  x>icture,  and  the  f  utui^e  is  luminous  with  new 
hopes  for  humanity.  A  vast  population  will  make  its  homes  in  val- 
leys now  vacant  and  voiceless,  yet  potentially  the  best  part  of  our 
national  heritage.  They  will  create  institutions  which  will  realize 
higher  ideals  of  society  than  the  world  has  yet  seen.  Irrigation  is 
much  more  than  an  affair  of  ditches  and  acres.  It  not  only  makes 
civilization  possible  where  men  could  not  live  without  it,  but  it  shapes 
that  civilization  after  its  own  peculiar  design.  Its  underlying  influ- 
ence is  that  which  makes  for  democracy  and  individual  independeucjft. 


610    YEAUBOOK  OF  THE  DEPARTMENT  OF  AOKICULTUKE. 

IRRItlATION   PRODUCTIVE  «)K  SMALL  I*R(>l*KlKToRS. 

W^hero  land  can  onlj*  bo  riiltivatod  by  meaiiH  of  Xhv  artiflcial  appli- 
tioii  of  water,  and  whei-o  that  wal^ir  is  not.  under  Hpecnlative  control, 
it  is  owned  in  small  holdings.  This  is  so  Inunuisi'  irripition  intensi- 
fies the  prmluetof  the  land  and  so  demands  much  lal)or.  It  is  a  kind 
of  labor  which  can  not  profitably  l>e  left  to  hired  hands.  The  result 
is  a  multitude  of  small  proprietors  working  for  themscdves.  This 
faet  is  strikingly  illustrat<Hl  in  southern  California.  Here  the  farms 
are  small  and  almost  exclusively  occu[)ied  by  tln^ir  owners.  Uut  the 
great  wheat  ranches  in  other  i>arts  of  the  State,  notably  in  the  Sacra- 
mento Valley,  depend  chiefly  upon  hired  lal.M)n»rs,  who  make  no 
homes  of  their  own.  The  Savramento  Valley  has  less  pojiulation  now 
than  it  ha<l  twenty-fiv<»  yeai*s  ago.  Of  the  iiicrea.s<»  of  the  rural  ix)p- 
ulation  of  the  St^ite  iH»tweeii  ISSOand  ISIMJ,  77  imm*  cent  went  to  the 
irrigated  counties,  and  hirg(*ly  consisted  of  families  w}i«>  bought  small 
farms  an<l  proceeded  to  do  tlieir  <»wn  work.  The  InMuence  of  a  gi*eat 
imiss  of  small  proprietoiN  tilling  their  own  land  can  not  fail  to  have  a 
very  marked  elTect  upon  the  cliaraett»r  of  the  iiistitulions. 

PIVKKSIKIEIi    FAKMI.Nii    A    KKATrUK   OF   IRKIOATION. 

Irngati(m  lends  itself  naturally  to  diversified  farming  and  tends  to 
make  po])ulation  self-suflicient  within  itsi>If.  Although  in  certain 
localities,  especially  tiiose  wlu^re  the  climate  is  favorable  to  raisins 
and  oranges,  the  contrary  has  souu'times  been  true,  the  !encl(»ncy  of 
irrigation  as  a  whole  lias  Inmmi  to  <liscouragc  tlie  production  of  single 
crops  and  make  families  independent  by  producin;^  the  varii»ty  of 
things  tliey  <M)nsunie.  Tills  ti»n<h*ncy  is  st(»adily  gaining  ground. 
TiKMliversifled  farming  whi<'h  irrigation  iMith  pcrniit^and  encourages 
will  b(>  an  important  element  in  contribuling  to  the  iinh'pendence  of 
the  peo])Ie  \\  ho  shall  inhabit  the  arid  n'gion  of  the  fulnrc 

IICKIOATION     \S   A    TI{AIMN(J    IX   ^KLK-f;oVl.i:NMrM . 


and  sonn^  sort  ol  systenmtic  proc<>dnr(^  lor  1h(»  estalMislimcnt  ot  rights, 
but  th<' credit  of  that  is  not  <lne  to  her  stat<'snien,  but  to  the  discus- 
sions of  tlu^(Trceley  Ly<»cum  and  the  public?  spirit  and  indcpend(»nce  of 
the  irrigators  un<ler  the  Ctdony  Canal.     OppostMl  by  the  conservat i.sm 
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of  the  legal  profession  and  the  prejudices  of  those  not  practically 
familiar  with  the  subject,  they  had  a  long  and  doubtful  struggle  to 
secui'e  the  adoption  of  a  statute  which  for  a  time  made  the  State  the 
lawgiver  of  the  arid  region. 

In  Utah  the  practices  of  water  users  are  a  hundre<l  years  in  advance 
of  the  State  laws.  This  is  due  to  the  fact  that  irrigators  recognize 
insensibly  the  community  nature  of  their  interest  in  the  sti'eams. 
The  old  feudal  idea  of  private  ownership  in  water  has  never  made  an 
irrigated  district  prosperous,  and  it  never  will. 

IRRIGATION  AND  COOPERATION. 

Another  feature  is  the  tendency  toward  cooperation.  Under  the 
Wyoming  law  accepting  the  Carej'  grant  this  cooperation  is  made 
obligatory.  Every  settler  under  a  canal  becomes  a  shareholder 
therein.  Not  only  does  the  right  to  water  attacli  to  the  land,  but  a 
share  in  the  canal  sufficient  to  carrj^  the  water  also  goes  with  it.  In 
fact,  the  need  of  watering  many  farms  from  a  common  source  and  of 
organizing  a  community  under  rules  and  discipline  for.the  distribu- 
tion of  the  supply  make  a  nursery  of  cooperation.  Its  most  conspic- 
uous manifestation  is  in  the  widespread  and  successful  fruit  exchanges 
of  California.  There  are  many  instances  of  smaller  and  more  local 
organizations  of  a  cooperative  industrial  character,  and  they  are  mul- 
tiplying rapidly.  They  seem  likely  to  deal  with  yet  larger  affairs  in 
the  future  as  communities  gain  in  age,  number,  and  wealth. 

EFFECT   OF   IRRIGATION   ON   SOCIAL   LIFE. 

Heretofore  one  of  the  evils  of  the  irrigated  home  has  been  its  isola- 
tion. The  valleys  of  many  streams  are  narrow.  The  broad  areas 
which  lie  between  these  valleys  are  the  home  of  cattle  and  sheep,  but 
not  of  men.  The  Anglo-Saxon  thirst  for  land,  and  the  opportunity 
which  the  desert-land  act  gave  to  gratify  it,  resulted  at  fii-st  in  a  wide 
separation  between  homes,  and  in  a  loss  to  the  pioneer  of  the  advan- 
tages of  schools,  churches,  and  social  life.  Under  the  larger  and 
later  canals  the  tendenc}'  has  been  in  the  other  direction.  The  Euro- 
pean custom  of  making  homes  in  village  centei's  has  been  adopted  in 
parts  of  Utah,  Wj'oming,  Idaho,  and  California,  and  steadily  gains 
in  public  favor.  Where  farmers  live  in  villages,  their  families  enjoj- 
ready  access  to  schools,  churches,  libraries,  and  entertainments.  The 
agricultural  society  of  the  future  in  the  Western  valleys  will  realize  a 
happy  combination  of  town  and  country  life — the  independence  which 
springs  from  the  proprietoi*ship  of  the  soil  and  the  satisfaction  of  the 
social  instinct  which  comes  only  with  community  association.  Such 
conditions  are  favorable  to  tlie  growth  of  the  best  forms  of  civiliza- 
tion and  the  noblcvst  institutions.  This  is  the  hope  w^hich  lies  fallow 
in  the  arid  valleys  of  the  West.     Its  realization  is  well  worth  the 
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Struggle  which  is  iinx^ondiiig  for  tlio  roforni  of  our  hiiul  mul  water 
hiws,  and  whidi  will  iniiM)se  high  diMnauds  upon  our  stati'siiiauship 
and  call  for  the  exereiae  of  t.h<»  best  oiiler  of  patriotism. 

THE   C'OMMEKCIAL   IMPOKTAXCK   oK   IKKIliATlOX. 

Tlie  eommereial  iiu]M)rt4inee  of  I  he  development  of  irrigation  re- 
sourees  is  Innng  ivalizetl  in  the  West-  al  the  pn»s<»iit  time  as  never 
before.  Esi>eeially  in  California  there  is  a  new  awakening,  and  an 
elTort  on  the  part  i»f  the  Iwst  eh^ments  of  (*itizenship  to  ivmove  the 
obstacles  which  have  formerly  hamiKMUHl  both  publie  and  private 
enterprise'.  The  Kjust,  as  a  whole,  is  beginning  to  realize  tht^  great  [Mirt 
which  the  West  is  to  have  in  the  ev<'nts  of  the  twentieth  4M»ntury. 
World-wide  f<M*ces  are  working  tti  hasten  the  day  i>f  its  ronipiete 
development  and  of  the  utilization  of  all  its  ri«*h  it'soui^ers.  The 
Orient  is  awake  and  otTerin^  its  markets  to  the  tratle  of  the  Pacitic 
coast.  With  the  development  of  this  trad**  then*  will  <*ome  an  impulse 
for  thi»  eonipletion  of  the  material  eonciue.si  of  arid  America  by  the 
enli.stnuMit  of  publi<*  as  well  as  private  means  in  tli«*  storage  and 
diversion  of  its  streams  for  the  irrigation  of  its  liundriMl  million  aeivs 
of  irrigable  soil;  the  harnessing  of  its  waltM*  powers  to  mill  and  fac- 
tory wheels;  the  <'i"owding  of  its  past urt\s  with  ni'W  millions  of  live 
stock;  the  opening  up  of  its  min<'s  and  iiuarrirs;  tin*  <*onvci>ion  of 
its  forests  into  human  liabilaiions;  the  coming  of  a  vast  population, 
and  the  growth  of  institutions  worthy  of  the  time  and  the  place. 
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LETTER  OF  TRANSMITTAL. 


United  States  Department  of  Ageiciiltubb, 

Office  of  Experiment  Stations, 

Washington^  D,  C,  December  15,  1896, 

Sir:  I  have  the  honor  to  transmit  herewith,  and  recommend  for 
publication  as  Bulletin  No.  36  of  this  Office,  two  articles  on  irrigation 
in  the  Eastern  United  States,  entitled,  respectively,  Irrigation  in  Con- 
necticut, by  G.  S.  Phelps,  professor  of  agriculture,  Storrs  Agricultural 
College,  and  vice-director  Connecticut  Storrs  Agricultural  Experiment 
Station,  and  Irrigation  in  New  Jersey,  by  Edward  B.  Yoorhees,  M.  A., 
director  of  the  New  Jersey  Agricultural  Experiment  stations  and  pro- 
fessor of  agriculttlre  in  Eutgers  College.  These  articles  embody  in 
part  investigations  conducted  by  the  Connecticut  Storrs  and  New  Jersey 
Experiment  stations. 

Although  irrigation  has  been  practiced  for  many  years  in  the  Eastern 
States  on  a  limited  scale,  especially  on  grass  lands,  it  is  only  within  a 
comparatively  few  years  that  any  widespread  interest  has  been  mani- 
fested in  the  subject  in  this  region. 

In  recent  years,  however,  widespread  drought,  especially  at  critical 
periods  in  the  life  of  certain  crops,  has  drawn  the  attention  of  Eastern 
farmers  and  horticulturists  to  this  subject,  and  there  has  been  much  dis- 
cussion of  the  practicability  of  irrigation  under  humid  and  subhumid 
conditions.  Truck  farmers  and  fruit  growers  in  regions  accessible  to 
good  markets  are  beginning  to  appreciate  the  importance  of  irrigation, 
and  there  seems  to  be  a  demand  for  information  on  the  practice  as 
applied  to  Eastern  conditions. 

A  popular  discussion  of  the  principles  and  practice  of  irrigation  in 
humid  climates  was  given  in  Farmers'  Bulletin  No.  46  of  this  Depart- 
ment. The  present  publication  is  intended  to  supplement  this  bulletin 
and  to  show  the  need  and  possibilities  of  irrigation  in  two  represen- 
tative Eastern  States,  the  methods  pursued  and  results  obtained  by 
those  farmers  who  have  undertaken  to  practice  irrigation  in  these  States, 
and  the  problems  needing  investigation. 

In  connection  with  the  report  on  irrigation  in  New  Jersey  acknowl- 
edgment is  due  to  Mr.  C.  C.  Vermeule,  author  of  Water  Supply,  Geo- 
logical Survey  of  New  Jersey,  1894,  for  important  data  concerning  the 
water  supply  of  the  State  accessible  for  irrigation,  and  the  estimated 
cost  of  irrigation  plants,  and  to  Mr.  George  A.  Mitchell,  of  Vineland, 
for  much  statistical  matter  in  reference  to  a  number  of  the  irrigation 
plants  now  in  operation  in  the  State. 

Respectfully,  A.  C.  Trtte, 

Director. 
Hon.  J.  Stbrlino  Morton, 

Secretary  of  Agriculture. 
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NOTES  ON  IRRIGATION  IN  CONNECTICUT  AND  NEW  JERSEY. 


IBRIOATIOH  nr  COHNECTICUT. 

By  C.  S.  Phelps,  B.  S., 

ProfesBorof  AgricuHuref  Storra  Agricultural  College,  and  Vice- Director ,  Connecticut  Storrs 

Agricultural  Erperiment  Station, 

INTRODUCTION. 

Up  to  the  present  time  little  has  been  done  in  the  Eastern  States  in 
the  use  of  irrigation  either  on  farm,  garden,  or  orchard  crops,  but  its 
great  value  has  been  demonstrated  in  a  few  striking  instances  by  some 
of  our  leading  fruit  growers,  and  these  instances,  together  with  the 
general  interest  that  is  being  manifested  in  the  subject,  show  the  need 
of  inquiry.  Within  the  past  few  years  there  lias  been  a  lively  agitation 
of  the  subject  through  the  agricultural  press  of  the  East,  and  farmers 
and  small  fruit  growers  are  beginning  to  apprecijite  the  value  of  arti- 
ficial watering,  and  an  increasing  demand  seems  to  exist  for  all  the 
information  obtainable  on  the  subject. 

In  the  eastern  portions  of  this  country  the  intensive  system  of  agri- 
culture is  rapidly  replacing  the  extensive.  This  has  become  neces- 
sary because  of  the  rapidly  increasing  population  and  a  corresponding 
increase  in  the  value  of  lands.  In  the  past  fifty  years  the  agriculture 
of  New  England  has  been  entirely  changed.  A  system  of  general  hus- 
bandry has  been  largely  replaced  by  special  branches  of  farming.  The 
many  thriving  manufacturing  cities  and  towns  that  have  been  built 
halve  caused  a  great  demand  for  fruits  and  vegetables.  These  products 
have  proven  es])ecially  profitable  where  nnirkets  are  near  at  hand.  The 
high  value  per  acre  and  the  active  and  increasing  demand  for  fresh 
fruits  and  vegetables  have  induced  many  of  our  farmers  to  enter  upon 
the  production  of  these  crops,  and  it  is  in  such  lines  of  farming  as  fruit 
growing  and  market  gardening  that  irrigation  has  its  highest  value. 
Where  the  cost  of  cultivation  is  large  the  losses  from  drought  are  felt 
all  the  more  severely,  as  the  expenses  are  essentially  the  same  whether 
a  half  crop  or  a  full  crop  is  harvested.  In  the  eastern  part  of  this  coun- 
try droughts  are  not  usually  of  long  duration,  but  short,  severe 
droughts  are  common,  and  they  cause  heavy  losses  to  market  gar. 
deners  and  fruit  growers.    Losses  of  from  $100  to  $200  per  acre  as  a 

Si 
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result  of  a  few  weeks'  drought  are  not  uncommon.  The  area  devoted  to 
strawberry  culture  during  the  season  of  1895  in  Connecticut  is  estimated 
at  not  less  than  500  acres.  With  this  total  acreage  a  loss  of  $1(K)  per 
acre  means,  for  one  small  State,  a  loss  of  $50,000  on  si  single  crop. 

The  experience  of  practical  men  and  the  experiments  cited  tieyond 
indicate  that  an  investment  in  an  irrigation  plant  where  market  gar- 
den crops  and  small  fruits  are  grown  will  pay  exceptionally  good 
interest. 

NEED   OF   IRRIGATION   IN   rONNKCTKaiT. 

The  majority  of  people  fail  to  realize  that  irrigation  has  any  place 
in  New  England  agriculture.  The  annual  rainfall  in  this  region  is  gen- 
erally thought  sufficient  to  meet  the  needs  of  most,  if  not  all,  of  the 
farm  crops  grown,  and  that  any  considerable  expenditure  of  money 
for  irrigation  would  not  repay  the  expense  except  in  very  exceptional 
cases.  The  rainfall,  however,  is  very  unevenly  distributed  through' 
out  the  year.  Short,  severe  droughts  are  a  characteristic  of  the  climate. 
A  high  temperature,  accompanied  by  drying  winds,  will  in  a  week's 
time  frequently  cause  the  crops  to  wilt,  and  in  less  than  two  weeks  the 
crop  prospects  may  be  nearly  ruined. 

A  rainfall  of  3  inches  per  month,  if  fairly  well  distributed  throughoat 
the  month,  would  probably  produce  an  average  growth  of  most  farm 
crops.  With  less  than  this  amount  of  rainfall  many  crops  fail  to  make 
a  normal  development.  Daring  the  ])ast  eight  ye^rs  the  Connectioat 
Storrs  Experiment  Station  has  ma<le  observaticms  on  rainfall  during 
the  growing  season  at  about  a  dozen  difl'erent  ])]aceH  in  the  State, 
and  from  these  and  others  made  for  the  New  England  Meteorologloal 
Society  are  taken  the  following  figures  for  the  rainfall  for  the  flye 
summer  months : 

Rainfall  in  Conneoticnt  during  summer  months j  ISSS  to  1S95. 


Year. 


May. 


Inchei. 

18P8 ' 

18«9 3.75 

1890 h.lM 

1891 1  1.82 

1892 1  5.31 

189:j 6.09 

1K94 '  5.07 

1895 1  2.26 


iIUD<^. 

July. 

AtiKiist. 

S«'pt«'ni- 
Inchet. 

ToUl 
five 

Avenci 

Inehea. 

nioDths. 
Inchei. 

montli. 

Inehet. 

Inehen. 

Inekm. 

Ji 

1.58 

2.  <M» 

5. 59 

K.  43 

4.10 

i 

3.53 

11.35 

3. 92 

4.<i7 

2:1.22 

6.44 

2.96  i 

4.29 

4.29 

5. 45 

22.  18 

4.4« 

4 

2.47 

4.24 

3.  HI 

:i.:u 

15.65 

8.11 

> 

2  65 

3.80 

4.  35 

2.17 

18.28 

8.6V 

■  • 

2.65  1 

2  12 

4.(;9 

2.  m 

19.14 

8.8t 

1 

.  lb 

1.55 

1.81 

4.  i:. 

13.33 

8.07 

■'v 

2.74 

4.36 

4.  r>4 

2,44 

16.34 

8.87 

1 

From  this  table  it  will  be  seen  that  the  average  rainfall  has  been 
below  .S  inches  for  June  seven  years  out  of  eight,  for  July  three  years, 
for  Au^riist  one  year,  and  for  September  three  years. 

The  rainfall  for  the  growing  season  (May  to  September),  were  it 
evenly  distributed  through  the  different  months,  would  usually  prove 
sufficient  for  the  needs  of  most  crops.  From  the  al)()ve  table  it  will  be 
seen  that  the  rainfall  for  different  months  is  very  irregular.    While  the 


11 

water  which  accumulates  in  the  soil  duriug  the  portions  of  the  year 
when  vegetation  is  not  growing  may  be  of  some  benefit  to  crops,  yet  a 
large  part  of  the  water  used,  especially  where  the  ground  water  is 
quite  a  distance  below  the  surface,  must  come  from  the  rain  that  falls 
while  the  crops  are  growing.  A  remarkable  instance  of  the  excess  of 
rainfall  which  often  occurs  when  crops  need  the  water  least,  and  a 
deficiency  during  those  months  when  crops  use  water  most  largely, 
may  be  seen  in  the  rainfall  data  at  Storrs,  Conn.,  for  the  year  1895. 
The  five  summer  months  from  May  1  to  September  30  showed  a  total 
rainfall  of  14.5  inches,  while  the  two  succeeding  months — October  and 
November — gave  a  rainfall  of  13.7  inches. 

There  are  very  few  seasons  duriug  some  part  of  which  a  drought  of 
more  or  less  severity  does  not  occur.  With  crops  like  strawberries, 
raspberries,  early  potatoes,  and  onions,  a  lack  of  rain  for  two  or  three 
weeks  may  lessen  the  crop  by  one-half  or  more.  A  striking  illustration 
of  the  injury  caused  by  short  droughts  was  seen  during  the  season  of 
1895  on  one  of  the  farms  of  this  State  where  irrigation  was  being  put  in 
operation  for  the  first  time.  A  field  of  strawberries  that  had  been  set 
out  in  the  spring  of  1894  was  on  too  high  ground  to  be  reached  by  con- 
ducting the  water  from  the  storage  pond,  while  a  field  of  the  same  size 
on  another  part  of  the  farm  was  sprinkled  from  pipes  laid  on  the  sur- 
face. The  irrigated  area,  with  only  three  applications  of  water,  gave  a 
yield  two  and  two-thirds  times  greater  than  that  obtained  where  no 
water  could  be  applied. 

Many  Connecticut  soils  are  of  such  a  character  that  they  suffer  readily 
from  drought.  Some  of  the  best  soils  for  market  garden  and  fruit  crops 
are  light  and  sandy  with  gravelly  subsoils.  These  suflfer  readily  from 
drought,  but  when  supplied  with  sufficient  water  give  large  crops  of 
the  best  quality. 

A  strong  argument  in  favor  of  irrigation  in  Connecticut  is  found  in 
the  high  value  per  acre  of  many  farm  and  garden  crops.  The  follow- 
ing table  shows  the  range  of  value  per  acre  for  some  small  fruits 
and  market  garden  crops  grown  on  unirrigated  soil,  as  given  by  prac- 
tical farmers.  These  were  chosen  because  they  have  proven  especially 
valuable  in  the  few  instances  where  irrigation  has  been  practiced  in 
this  State: 

Value  of  different  crops  per  acre. 

Strawberries $200  to  $450 

Raspberries 200  to  400 

Asparagns 100  to  200 

Cauliflower 200  to  400 

Celery 200  to  300 

Onions 150  to  300 

Moskmelons 300 

It  will  readily  be  seen  that  a  loss  of  one  half  on  some  of  these  crops 
when  five  or  six  acres  are  grown  would  cover  quite  an  outlay  for  water. 
The  two  men  in  Connecticut  who  have  made  the  most  ex.tft2QL%\N^\^s^<^ 
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irrigatiou  state  that  the  cost  of  their  irrigatiou  plants  was  returned  the 
first  season  by  the  increased  crops  obtaine^l. 

With  crops  like  strawberries  and  raspberries  the  benefits  derived 
from  irrigation  represent  only  a  few  weeks'  labor  and  a  small  expendi- 
ture of  money.  So  great  is  the  gain  derived  from  having  an  abundance 
of  water  fi>r  these  crops  at  the  right  time  that  good  profits  have  been 
obtained  by  the  use  of  a  road  engine  and  force  pump.  In  many  places 
this  form  of  power  could  be  hired  for  a  few  days  and  large  profits 
obtained  from  its  use. 

Before  farming  products  were  shipi»ed  long  distances  by  rail,  the 
prices  obtained  for  the  crop  in  any  locality  dei)ended  largely  ufion  the 
supply  in  that  imme<liate  vicinity.  If  the  season  was  not  a  favorable 
one  for  any  particular  crop  and  the  yields  were  light,  the  increased 
price  obtained  often  counterbalanced  the  deficiency  in  the  yield,  so  that 
the  weather  conditions  did  not  so  largely  regulate  the  prolits.  To-day, 
however,  if  in  one  locality  there  is  a  shortage  in  any  croj)  that  will  bear 
long  carriage,  the  markets  may  be  stocke<l  from  places  long  distances 
away,  where  the  weather  conditions  were  perhaps  favorable  for  hirge 
yields.  The  profits  obtained  by  local  growers  are  thus  largely  depend- 
ent upon  the  season. 

METHODS   OF   IRRIGATION   IN    USE    IN   (CONNECTICUT. 

The  sources  of  water  for  irrigating  purposes  in  Connecticut  are  mainly 
from  small  natural  streams,  from  ponds,  and  from  springs.  No  instances 
are  known  to  the  writer  of  the  use  of  water  from  wells  for  irrigating 
purposes  in  this  Stati'.  The  water  is  usually  stored  cither  in  open  [)onds 
or  in  large  tanks.  The  means  of  making  the  water  available  arc^  through 
some  form  of  power,  such  as  a  ram  or  windmill,  or.  when  the  source  is 
high  enough  above  the  fields  to  be  watered,  it  is  conducted  to  and 
over  the  fields  thnmgh  open  ditches  or  pipes.  There  are  many  instances 
in  Connecticut  where  the  water  can  be  made  avaihibh*  only  by  some 
form  of  power,  as  the  water  is  below  the  fields  upon  which  it  is  to  be 
applied.  There  are  two  farms  in  the  State  where  powerful  rams  have 
been  very  successfully  used.  Where  the  water  is  supplied  by  means  of 
a  ram  or  other  i)umping  appliance  it  becomes  n(»cessary  to  economize 
in  tlio  use  of  water  and  to  i>revent  losses  by  evaporation  in  order  to 
reduce  the  ex])en8e.  For  these  reasons  it  has  becMi  found  more  eco- 
nomical  to  apply  the  water  from  pipes  distril)utedover  tlie  fields.  The 
water  is  sometimes  allowed  to  fiow  beiween  the  rows  from  pipes  laid 
along  one  end  of  the  field.  In  other  cases  it  is  apjdied  by  spraying. 
Th(»  chccipest  and  simplest  method  of  distributing  the  water  is  by 
conducting  through  open  ditches,  and  there  are  several  instances  where 
this  is  being  succtessfnlly  done. 

HISTORY   OK    IRRKtATION   in   CONNECTICUT. 

There  are  a  number  of  abandr>ned  irrigation  plants  in  Connecticut 
that  were  in  operation  forty  years  ago.    One  of  these  is  located  at 
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Salisbury,  auother  at  Torringtoii,  and  a  third  at  ^ewtown.  The  one 
at  Salisbury  was  owned  and  operated  by  Albert  Moore.  In  1806  he 
wrote  J  e^arding:  his  use  of  irrigation : 

I  have  ruiHed  enormous  crops  of  corn  without  wanare,  and  have  had  similar  results 
ivith  Tyv,  oats,  and  potatoes.  From  a  poor  piece  of  laud,  yielding  less  thau  a  ton  of 
hay,  white  daisies,  and  large  Saint  John's- wort  to  the  acre,  I  now  get  3  tons  of  flnt- 
qunlity  hay  without  plowing  or  seeding.  The  daisies  and  Saii.t  John's-wort  have 
entirely  disappeared,  and  Canada  thistles  and  other  injurious  plants  do  not  attain  a 
foothold  on  irrigated  land.  This  I  attribute  to  the  very  thick  growth  of  grass,  as  I 
have  counted  from  8  to  12  grass  plants  on  a  square  inch  of  irrigated  turf,  aud  not 
over  one  on  the  same  area  of  unirrigated,  but  a  few  feet  apart.  Meadow  moles  aud 
mice,  grubs,  and  grasshoppers,  and  all  other  insects  and  vermin,  cease  their  depre- 
dations on  irrigated  land. 

All  kinds  of  farm  stock  prefer  the  hay,  and  eat  it  with  avidity,  and  do  well  on  it. 
I  have  even  known  sheep  to  fatten  on  it  alone  in  winter,  and  become  fit  for  the 
butcher  in  the  spring. 

The  meadow  requires  no  other  manure,  and  when  the  hay  is  cousumed  on  the  farm 
it  contributes  largely  toward  furnishing  manure  for  other  parts  of  the  farm.  Cattle 
eat  the  stems  of  the  hay  much  cleaner  than  of  other  hay,  as  by  growing  so  thick  it 
is  so  much  finer  and  less  distasteful  than  hay  from  heavily  manured  land.  I  have 
frequently  seen  grass  standing  over  5  feet  high,  by  measurement,  on  one  side  of  an 
irrigating  ditch,  while  on  the  opposite  side,  where  the  water  could  not  reach,  the 
grass  was  scarcely  a  foot  high. 

The  irrigated  portion  of  a  large  pasture  is  constantly  fed  down  much  closer  and 
shorter  than  the  adjacent  portions,  beyond  the  reach  of  the  water.  The  grass  on 
irrigated  land  not  only  ntarts  earlier  in  the  spring,  but  holds  out  later  in  the 
autnmn,  thus  shortening  the  foddering  season  at  both  ends.  The  water  tends  eifcctn- 
ally  to  keep  off  both  early  and  late  frosts.  Even  if  a  field  of  corn  is  flooded  a  few 
inches  deep  in  a  frosty  night,  it  will  escape  the  effects  of  the  frost,  and  the  same  is 
true  of  tobacco  and  other  like  crops. 

A  small  rill  of  water  which  flows  but  a  month  or  two  in  the  spring,  if  spread  over 
the  adjacent  surface  of  grass,  will,  if  continued  yearly,  soon  show  its  good  effects 
the  entire  season,  and  the  effects  of  irrigation  are  often  of  the  most  reliable  and 
durable  nature. 

I  have  never  noticed  any  different  effect  from  hard,  soft,  cold,  or  warm  brook  or 
spring  waters.  My  theory  is  that  all  water  contains  fertility  in  solution,  and  by 
irrigation  it  is  placed  or  even  put  into  the  mouths  of  the  rootlets  of  plants  and 
absorbed  at  once;  that  it  is  not  so  much  the  water  itself  as  what  it  contains 
which  causes  the  result. 

I  can  point  to  largo  apple  trees  now  standing  and  bearing  well  on  a  meadow  irri- 
gated profusely  for  the  last  fifty  years.  In  auother  meadow  young  apple  trees  are 
doing  well  where  the  irrigation  is  applied  both  winter  and  summer. 

The  grape,  cuiTant,  raspberry,  Lawton  blackberry,  asparagus,  tomatoes,  spinach^ 
horseradish,  and  other  fruits  and  garden  vegetables,  which  bring  a  high  price  in 
market,  thrive  well  under  irrigation,  but  it  must  be  land  naturally  adapted  to  irri- 
gation and  not  naturally  wet. 

The  only  ill  effect  which  I  have  noticed  is  that  the  grass,  if  not  cut  when  mature, 
is  a  little  more  liable  to  lodge  or  fall  down,  in  which  case  the  water  should  be  with- 
held at  once,  and  the  grass  cut  without  delay,  and  the  water  let  on  for  a  second  crop. 

In  1866  Hon.  T.  S.  Gold,  secretary  of  the  State  board  of  agricul- 
ture, wrote  in  regard  to  the  work  on  irrigation  done  by  Mr.  Thrall,  of 
Torrington,  and  Mr.  Mitchell,  of  Newtown: 

Mr.  Thrall  has  upon  his  place  a  stream  large  enough  to  tarn  a  mill;  and  for  the 
last  twenty  years  he  has  irrigated,  by  water  from  this  stream,  a  field  of  from  4  to  6 
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acres  of  low,  sandy  -land,  and  which  has  been  ma<le  to  produce  abundantly.  I  haTe 
never  observed  manure  to  have  been  used  upon  this  land,  llie  expense  is  not  exceas 
ive.  He  first  erected  a  cheap  wooden  dam  to  collect  water  for  the  supply  of  hia 
fields.  About  ten  years  ago  he  removed  this  wooden  dam  and  put  up  a  stone  dam 
at  nn  expense  of  more  than  $100,  for  the  purpose  of  raising  water  to  a  sufficient 
height  to  make  it  tlow  through  his  little  obaunels  and  over  his  fields.  His  crop,  of 
course,  is  large  and  fine ;  and  he  is  one  of  our  practical  farmers  who  evidently  thinks 
that  irrigation  pays  well. 

Mr.  Mitchell  lias  some  50  or  60  acres  of  hungry,  gravelly  soil,  on  the  banks  of  the 
Housatouic  Kiver,  which  were  as  valueless  as  you  can  find  anywhere,  not  bearing 
decent  mullein  stalks.  He  had  graded  most  of  it  in  u  perfect  manner.  •  Most  of  the 
water  comes  from  a  large  stream  flowing  through  his  farm,  furnishing  a  never-failing 
and  abundant  supply.  There  are  several  fa<'tories  on  this  stream  adding  to  the 
value  of  the  water.  He  uses,  also,  other  smaller  streams  from  the  hills  which  drain 
from  swamps,  and  this  is  found  less  useful.  On  the  large  stream  Mr.  Mitchell  has  a 
sawmill,  and  from  the  dam  connected  with  it  the  water  is  taken.  l*his  dam  went  off 
two  or  three  years  ago,  and  before  it  was  rebuilt  his  irrigate<l  fields  Huff'ered  muchy 
some  of  the  grass  dying  out  entirely.  His  main  diteh  is  r>  feet  wide,  alK>nt  4  ft*et 
deep,  and  nearly  a  mile  in  length.  Branching  from  it  in  a  fiume  or  trough  100 
feet  or  moro  in  length  and  elovat4>d  Home  10  feet,  carrying  a  stream  of  water  alK>at 
2  feet  s<iuare  across  a  hollow  to  an  irrigated  fiebl.  From  th«  main  trunks  it  is  led  in 
ditches  of  various  sizes,  growing  smaller  and  nmaller,  until  the  whole  of  the  water 
is  used  u]>.  The  whol^  work  requires  about  5  miles  (»f  ditch.  These  ditches  are 
moHtly  elevated,  made  by  embankmt>nts  rather  than  excavations,  so  that  by  an 
ingenious  contrivance  of  gates  the  water  can  be  thrown  out  at  any  desired  ]>oint. 

A  Htream  of  water  as  thick  as  a  man's  hand,  when  turned  on  that  dry  and  hungry 
soil,  will  l>e  absorbed  in  running  a  few  ro<lH,  until  the  ground  gets  filled  up  with 
fine  particles  from  the  water.  There  is  no  swamp  grass  there;  it  is  clover  and  the 
better  kinds  of  grasses.  When  I  was  there,  he  was  mowing  his  second  crop  and 
cutting  U  tons  to  the  acre,  perhaps  2  tons.  It  is  not  nil  as  good  as  that.  If  there 
ha]>p(;ns  to  be  a  little  spot  of  a  few  feet  that,  owing  to  its  elevation,  is  not  irrigated 
at  all,  it  is  ])erfectly  barren,  and  if  there  happens  to  1m)  any  pla<'e  where  his  grade 
is  too  low,  so  that  the  water  stands,  it  hiis  killed  out  the  grasH,  an<l  weeds  have 
sprung  up,  but  in  general  the  result  is  very  wonderful  and  should  encourage  every 
one  to  use  what  water  he  can,  especially  in  irrigating  that  clasH  of  lauds. 

Mr.  Mitchell  spoke  of  his  orchanl  which  was  attacked  by  the  borerH.  Hy  the  help 
of  an  euibankment  he  ])onded  this  to  a  depth  of  1  or  2  feet.  Though  this  was  con- 
tinned  lor  several  we«'.ks,  the  trees  have  survived,  and  the  borers  have  left.  The 
grading  has  been  done  by  scraping  and  carting  earth,  and  by  washing.  An  even 
Hurlace  with  a  gradual  descent  so  that  the  wat<!r  will  just  fiow  over  the  whole  is 
necessary. 

Whether  all  his  o]>erations  are  profitable  or  not,  he  accomplishes  his  purpose,  and 
shows  the  wonderful  efi*ects  of  the  application  of  water  to  land  of  that  character. 

lURK^ATION   PLANTS   IN  USE   IN   CONNKCTICUT. 

There  are  several  irrigation  plants  in  active  operation  in  this  State 
at  the  present  time,  lo(;ate<l  in  the  towns  of  Meriden,  North  Haven, 
Glastonbury,  Hainden,  Thomaston,  Soath  Manchester,  and  Simsbury. 
These  are  the  only  ones  known  to  the  writer  that  are  operated  apon  a 
commercial  basis. 

IRRIGATION  ON  THR  FARM  OF  A.  J.  COR,   MRKIDRN. 

Of  the  irrigation  plants  now  in  oi>eration  in  this  State  one  of  the 
oldest  is  on  the  farm  of  Mr.  A.  J.  Goe,  of  Meriden.  Mr.  Goe  says  that 
the  work  was  started  by  his  father  aboat  the  year  1840,  and  that  the 
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water  was  ased  for  many  years  mainly  upon  the  grass  crop,  althoagh 
com,  potatoes,  and  other  crops  were  irrigated  when  brought  into  the 
rotation,  whenever  the  rainfall  was  deficient.  For  the  first  twenty 
years  it  was  used  mainly  on  grass  and  common  farm  crops.  In  1863 
Mr.  Coe  began  to  use  the  water  on  strawberries  and  raspberries,  and 
has  used  it  every  year  since  whenever  drought  seemed  to  make  its  use 
necessary.  In  1895  he  used  it  on  the  two  crops  just  mentioned,  and 
upon  tomatoes,  asparagus,  and  cabbage. 

The  source  of  the  water  is  a  small  stream  that  during  seasons  of 
average  rainfall  would  just  about  flow  through  a  6-inch  pipe  without 
pressure.  He  finds  that  this  stream  supplies  sufficient  water  for  15 
acres,  planted  to  a  variety  of  crops.  The  water  is  stored  in  two  large 
ponds.  The  upper  one  is  used  mainly  for  getting  ice  and  to  supply 
power  for  cutting  feed  and  wood.  The  smaller  pond,  a  little  lower 
down  the  stream,  is  so  located  that  the  water  can  be  conducted  through 
a  ditch  for  a  distance  of  about  forty  rods  and  then  distributed  over  the 
field  in  small  ditches.  The  amount  of  water  is  sufficient  to  thoroughly 
irrigate  a  variety  of  crops  if  none  of  them  require  very  large  quantities 
of  water  during  short  periods  of  time. 

Mr.  Coe  has  not  been  able  to  estimate  accurately  the  profits  obtained 
from  irrigation,  as  the  crops  grown  are  used  very  largely  for  home  con 
sumption.  Those  sold  go  to  the  local  markets,  which  are  often  over- 
stocked, and  prices  do  not  average  as  high  as  in  some  other  cities.  He, 
however,  is  thoroughly  convinced  that  large  profits  can  be  obtained 
from  irrigation  where  the  exjiense  of  distributing  the  water  upon  the 
land  is  not  too  great. 

IRRIGATION  ON  THE  FARM  OF  E.  C.   WARNER,  NORTH  HAVEN. 

Mr.  Warner  began  his  irrigation  operations  about  ten  years  ago  and 
has  used  the  water  mainly  for  strawberries  and  raspberries.  The  cul- 
tivated fields  are  so  located  that  part  of  them  may  be  watered  by  flow- 
age  from  a  pond  sui)plied  by  springs  and  small  streams.  Others  are  on 
high  ground  and  may  be  watered  from  tanks  located  on  a  hill  near  by. 
A  ram  is  used  for  filling  these  tanks,  the  source  of  the  water  being 
numerous  small  springs,  the  water  having  been  conveyed  to  a  common 
point,  making  a  i)ond  of  about  one-half  of  an  acre  in  area.  A  fall  of  6 
feet  is  obtained  from  the  pond  to  the  ram,  and  the  water  is  lifted  60  feet 
in  height,  through  600  feet  of  pipe  to  the  tanks  referred  to.  As  this 
system  is  essentially  the  same  as  the  one  described  on  the  farm  of 
Mr.  Eddy  (p.  19),  no  detailed  description  is  necessary  here.  The  water 
is  used  directly  from  pipes,  being  sprinkled  upon  the  soil  mainly  by 
means  of  hose. 

On  the  west  side  of  Mr.  Warner's  farm  a  small  stream  flows  through 
a  pasture,  and  by  building  small  earth  dams  and  ditches  the  water  was 
conveyed  into  a  pond  located  a  few  feet  higher  than  one  of  the  straw- 
berry fields.  The  fall  along  the  rows  of  strawberries  was  very  slight 
most  of  the  distance,  and  the  water  was  conducted  across  the  rows  near 
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tbe  use  of  water  on  peach  trees  will  prove  profitable  in  seasons  of 
severe  drought  during  the  fruiting  time. 

IKRIGATIOX   ox  THK    FARM   OF   JOHN   LKKK,  HAMDEX. 

On  this  farm  there  are  about  5  acres  under  irrigation  at  the  pres- 
ent time.  The  land  is  low,  nearly  level,  lying  between  the  slopes  of 
hills,  and  a  small  stream  of  water  passes  through  the  irrigated  area 
near  the  center.  The  surface  soil  is  a  fine,  gravelly  loam  that  has  appar- 
ently been  washed  in  from  the  surrounding  hills.  At  a  depth  of  about 
3  feet  is  a  gravelly  clay  hardpau,  beneath  which  is  a  stiff  clay. 

Tbe  land  is  naturally  quite  fertile,  but  the  compact  subsoil  prevents 
the  escape  of  surplus  water,  while  in  case  of  drought  the  land  bakes 
and  cracks  baldly.  The  physical  condition  of  the  soil  has  been  greatly 
improved  by  drainage.  The  texture  of  the  soil  is  firm  enough  to  pre- 
vent washing,  and  the  fall  is  about  3  feet  to  100,  so  that  conditions  are 
favorable  for  surface  flowage  from  open  ditches. 

A  small  stream  of  water  that  would,  in  times  of  an  average  flow, 
readily  pass  through  a  5-inch  i)ii>e  enters  the  farm  through  a  narrow 
ravine,  and  has  a  fall  of  about  15  feet  for  the  first  20  rods  back  from 
the  irrigated  area.  About  15  rods  up  this  ravine  has  been  built  a  dam 
and  a  small  storage  pond,  from  which  the  water  is  conveyed  in  open 
ditches  upon  different  parts  of  the  field. 

The  whole  area  has  been  laid  out  in  three  lots  in  such  a  way  that  water 
can  be  conveyed  to  the  ends  of  the  fields  and  allowed  to  run  down 
between  the  rows  of  the  crops,  some  of  the  land  having  been  graded  in 
order  to  make  this  practicable.  The  water  has,  in  a  small  way,  been 
used  on  a  variety  of  garden  crops,  but  quite  extensively  on  strawber- 
ries and  celery.  Mr.  Leek  is  so  well  i>leased  with  the  results  on  these 
crops  that  he  is  planning  to  enlarge  his  storage  pond  and  to  use  the 
water  more  extensively  in  the  future. 

The  conditions  on  this  farm  are  similar  to  those  found  on  many  Con- 
necticut farms,  in  that  the  water  can  be  obtained  for  irrigation  at  a 
nominal  cost. 

IRRIGATION  OX   THE   FARM   OF   W.  A.  LEIGH,  TIIOM ASTON. 

This  farm  is  located  in  the  Naugatuck  Valley,  at  the  base  of  a  steep 
bluff  that  rises,  quite  abruptly,  about  350  feet  above  the  valley.  Over 
this  bluff  pours  a  small  mountain  stream  that  is  quite  constant  and  of 
volume  about  sufficient  to  fill  a  G-inch  pipe  in  times  of  an  average 
flow.  This  stream  is  fed  by  springs  near  the  top  of  the  bluff'.  By 
building  a  dam  across  a  narrow  ravine  a  storage  pond  covering  an  area 
of  about  5  acres  was  formed,  300  feet  above  the  irrigated  fields. 

The  water  is  conducted  through  a  3-iiich  pipe  laid  on  the  surface  of 
the  ground,  and  is  used  in  furnishing  power  for  a  small  granite  works 
as  well  as  for  irrigating.  The  pressure  is  so  great — about  125  pounds 
to  the  square  inch — that  a  small  stream  runs  a  water  wheel  furnishing 
7  horsepower.  The  water  is  used  for  irrigating  mainly  at  uig;Ut» 
12563— .No.  3(; 2 
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one  end  and  tamed  down  the  rows  as  needed.  At  one  point  in  the  AM, 
there  was  a  knoll  so  high  that  the  water  eoald  not  be  gotten  apoa  l^ 
small  area,  but  it  was  conducted  around  the  knoll,  and  it  then  flowed 
readily  along  the  rows  again  and  over  the  rest  of  the  field.  Altboagll 
no  attempt  was  made  to  estimate  tlic  differences  in  yield,  it  was  evident 
that  the  crop  on  this  knoll  was  very  much  smaller  and  the  fruit  of  mach 
poorer  quality  than  over  the  rest  of  the  field.  Tlic  plants  also  were  80 
much  injured  by  the  effects  of  the  drought  that  when  seen  in  Septem- 
ber, 1805,  they  presented  a  striking  ccmtrast  to  the  plants  only  a  few 
feet  away  where  the  water  had  been  used.  Mr.  Warner  thinks  that 
the  crop  on  the  whole  field  was  double  what  it  would  have  been  had  no 
artificial  watering  been  done.  The  entire  expense  of  irrigation  repre> 
sen  ted  only  a  few  days'  work  with  men  and  teams,  probably  costing  lees 
than  $25  when  estimated  at  market  rates  of  labor.  So  great  were  the 
benefits  derived  from  this  snjall  effort  that  Mr.  Warner  at  once  set 
about  making  plans  to  enlarge  his  system,  and  during  tlie  fall  of  ISOff 
he  built  two  large  storage  ponds  a  little  higher  up  the  stream^  where 
he  expects  to  have  storage  capacity  and  water  sufficient  for  aboat  0 
acres,  all  of  which  can  be  watered  by  direct  flowage.  iljl 

While  Mr.  Warner  has  gotten  very  beneficial  results  on  nispberries 
with  irrigation,  he  has  also  used  it  to  advantage  upon  x>eivch  trees  in 
times  of  severe  drought  during  the  fruiting  season. 

IRRIGATION   ON   TIIK   FARM   OF    HALF.    HROS.,    801TTII    til.ASTOXHURY. 
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The  Hale  Brothers, of  South  Glastonbury,  growers  of  fi  nit  and  nnrserjT      ^ 
stock,  have  long  felt  the  importance  of  irrigation  in  their  business,  and      ^ 
have  for  some  time  been  maturing  plans  for  using  a  supply  of  water 
near  their  farm  for  this  purpose.     During  the  fall  of  1895  they  began 
the  laying  out  of  one  of  the  largest  systems  of  irrigation  to  be  found  la 
the  State. 

A  small  brook  has  been  dammed,  and  a  reservoir  thus  formed.    The 
source  of  the  water  is  about  6,000  feet  distant  from  the  ^elds  to  h%       ]] 
irrigated,  and  the  fall  is  about  100  feet.     Heavy  cast  iron  pipe  6  inches       ^' 
in  diameter,  joined  together  with  lead,  were  used  for  300  feet  from  the 
reservoir,  and  then  a  4-inch  pipe  for  1,900  feet,  or  until  a  fall  of  50  fM» 
was  obtained,  after  which  the  size  of  the  pipe  was  reduced  to  3  inches. 
The  pipe  was  carried  along  the  top  of  the  ridges  of  the  farm,  and  at        i 
points  about  200  feet  apart  hydrants  were  placed  so  that  the  water  can 
be  taken  from  the  main  pipe  and  used  for  surface  flowage  or  for  sprink- 
ling.   It  is  believed  that  there  is  sufticient  water  to  thoroughly  irrigate 
from  45  to  50  acres  of  land  mainly  by  surface  irrigation.    The  contour 
of  the  land  and  the  character  of  the  soil  are  such  that  water  can  be 
distributed  between  the  rows  of  plants  and  trees  so  as  to  give  a  very 
even  distribution. 

The  ^lessrs.  Hale  propose  to  use  the  water  on  small  fruits,  and  ulti- 
mately on  peaches,  being  thoroughly  convinced  from  exi)erience  that 
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the  use  of  water  on  peach  trees  will  prove  profitable  in  seasons  of 
severe  drought  during  the  fruiting  time. 

IHHIGATIOX   ox  TIIK    FARM   OK   JOHN   LKKK,  HAMDEN. 

On  this  farm  there  are  about  5  acres  under  irrigation  at  the  pres- 
ent time.  The  land  is  low,  nearly  level,  lying  between  the  slopes  of 
hills,  and  a  small  stream  of  water  passes  through  the  irrigated  area 
near  the  center.  The  surface  soil  is  a  fine,  gravelly  loam  that  has  appar- 
ently been  washed  in  from  the  surrounding  hills.  At  a  depth  of  about 
3  feet  is  a  gravelly  clay  hardpan,  beneath  which  is  a  stiff  clay. 

Tbe  land  is  naturally  quite  fertile,  but  the  compact  subsoil  prevents 
the  escape  of  surplus  water,  while  in  case  of  drought  the  land  bakes 
and  cracks  badly.  The  physical  condition  of  the  soil  has  been  greatly 
improved  by  draiuage.  The  texture  of  the  soil  is  firm  enough  to  pre- 
vent washing,  and  the  fall  is  about  3  feet  to  100,  so  that  conditions  are 
favorable  for  surface  flowage  from  open  ditches. 

A  small  stream  of  water  that,  would,  in  times  of  an  average  flow, 
readily  pass  through  a  5-inch  i)ii)e  enters  the  farm  through  a  narrow 
ravine,  and  has  a  fall  of  about  15  feet  for  the  first  20  rods  back  from 
the  irrigated  area.  About  15  rods  up  this  ravine  has  been  built  a  dam 
and  a  small  storage  pond,  from  which  the  water  is  conveyed  in  open 
ditches  upon  different  parts  of  the  field. 

The  whole  area  has  been  laid  out  in  three  lots  in  such  a  way  that  water 
can  be  conveyed  to  the  ends  of  the  fields  and  allowed  to  run  down 
between  the  rows  of  the  crops,  some  of  the  land  having  been  graded  in 
order  to  make  this  practicable.  The  water  has,  in  a  small  way,  been 
used  on  a  variety  of  garden  crops,  but  quite  extensively  on  strawber- 
ries and  celery.  Mr.  Leek  is  so  well  i>leased  with  the  results  on  these 
crops  that  he  is  planning  to  enlarge  his  storage  pond  and  to  use  the 
water  more  extensively  in  the  future. 

The  conditions  on  this  farm  are  similar  to  those  found  on  many  Con- 
necticut farms,  in  that  the  water  can  be  obtained  for  irrigation  at  a 
nominal  cost. 

IKRIGATIOV  OX   THE   FARM   OF   W.  A.  LEIGH,  TMOMASTOX. 

This  farm  is  located  in  the  Naugatuck  Valley,  at  the  base  of  a  steep 
bluff"  that  rises,  quite  abruptly,  about  350  feet  above  the  valley.  Over 
this  bluff  pours  a  small  mountain  stream  that  is  quite  constant  and  of 
volume  about  sufficient  to  fill  a  G-inch  pipe  in  times  of  an  average 
flow.  This  stream  is  fed  by  springs  near  the  top  of  the  bluff'.  By 
building  a  dam  across  a  narrow  ravine  a  storage  pond  covering  an  area 
of  about  5  acres  was  formed,  300  feet  above  the  irrigated  fields. 

The  water  is  conducted  through  a  3-inch  pipe  laid  on  the  surface  of 
the  ground,  and  is  used  in  furnishing  power  for  a  small  granite  works 
as  well  as  for  irrigating.  The  pressure  is  so  great — about  125  pounds 
to  the  square  inch — that  a  small  stream  runs  a  water  wheel  furnishing 
7  horsepower.  The  water  is  used  for  irrigating  mainly  at  night. 
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For  irrigating  purposes  branch  pipes  of  1^  and  1  inch  in  diameter 
laid  on  the  surface  of  the  ground,  the  lines  of  pipe  being  placed  about 
50  feet  apart.  Short  pieces  of  hose  are  attached  to  these  lines  of  pipOi 
once  in  about  /lO  feet,  and  the  water  is  applied  by  spraying  tbxoogh 
ginch  nozzles.  The  pressure  is  so  great  that  three  or  four  of  these  |-ineh 
streams  may  be  kept  playing  at  one  time  from  a  single  pipe.  The  water 
is  forced  to  a  great  height  and  spreads  out  into  a  fine  spray,  covering  a 
large  area,  like  a  lively  shower. 

Mr.  Leigh  has  about  15  acres  upon  which  irrigation  might  be  applied. 
Its  use,  however,  has  been  confined  to  strawberries.  He  began  iisiug 
the  water  on  this  crop  in  1887  and  has  use<l  it  every  year  since.  In 
1895  about  3  acres  were  under  irrigation. 

The  water  is  first  used  about  the  time  the  plants  bloom  and  is  cOD* 
tinned  if  needed  till  near  the  end  of  the  fruiting  season.  Mr.  Leigh 
prefers  to  apply  the  water  largely  at  night,  as  he  finds  it  blackena  or 
'^blights"  the  leaves  if  used  near  the  middle  of  the  day  when  the  San 
shines  brightly.  No  accurate  comparisons  as  to  the  yields  with  and 
without  irrigation  have  been  made,  but  Mr.  Leigh  estimates  that  doable 
the  crop  has  been  obtained  as  a  result  of  the  free  use  of  water. 

IKKKiATION   ON   THE   FARM   OK  JOSEI'n    ALBISTOX,    Homi   MANCIiF.HTER. 

Mr.  Albistou  probably  has  the  oldest  irrigation  plant  in  Tonnectieat. 
The  privilege  was  granted  in  l71Mi,  the  water  being  taken  from  a  small 
stream  at  a  [mint  about  Hi)  rods  above  the  limits  of  the  farm.  The 
stream  is  of  suflicient  size  to  about  fill  a  10  or  V2  uwh  pipe  in  times  of 
an  average  flow.  The  brcmk  ])asses  through  part  of  the  farm,  and  abont 
7  acres  of  land  either  side  of  the  streiun  can  be  watered.  Tliere  are  two 
small  irrigation  plants  now  in  use  on  the  farm.  In  the  oldest  the  water 
is  conveyed  in  an  open  ditch.  The  fall  of  the  stream  is  such  that  at  a 
very  small  expense  for  a  dam  practically  all  of  the  water  of  the  stream 
can  be  turned  into  the  ditch.  About  5  acres  can  be  watered  by  this 
means.  This  plant  was  very  extensively  used  in  irrigating  grass  for 
many  years,  but  within  the  past  twenty  years  it  has  beeii  used  to  water 
small  fruits  and  vegetables. 

A  second  plan  of  irrigation  was  adopted,  for  a  part  of  tlie  farm,afew 
years  ago.  At  a  point  near  where  the  same  brook  just  reft^rred  to 
enters  the  farm  a  dam  and  small  pond  were  constructed.  They  are  now 
used  in  irrigating  about  2  acres  of  the  bottom  land  along  the  brook. 

Most  of  the  soil  of  the  irrigated  area  is  a  gravelly  loam,  much  of 
which  has  been  washed  down  from  the  surrounding  hills.  Abrmt  2 
acres  of  the  bottom  lands  are  of  a  more  compact  soil,  with  a  hanlpait 
subsoil.  This  area  has  been  undenlrained  and  much  iinprove<l.  The 
surplus  water  used  in  irrigation  is  now  readily  conveyed  away  through 
the  underdrains. 

Of  the  area  watered  from  the  canal  about  3  acres  are  nearly  level, 
having  a  fall  of  less  than  5  feet  in  400.    The  water  can  be  oouveyed  by' 
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a  braucli  ditch  along  oue  end  of  this  area  and  then,  as  neede<l,  tamed 
down  between  the  rows  of  small  fruits  and  vegetables.  About  1  acre 
on  quiie  a  steep  slope  just  below  the  main  ditch  is  thoroughly  watered 
by  seepage  from  the  canal. 

Mr.  Albiston  has  found  the  use  of  irrigation  especially  profitable  on 
strawberries.  In  1894  32  square  rods  of  land  planted  with  Crescent 
strawberries  produced  at  the  rate  of  10,400  quarts  per  acre.  In  1895, 
with  a  very  severe  drought  at  the  time  of  fruiting,  Mr.  Albiston  claims 
that  his  crop  was  the  best  that  he  has  ever  produced.  The  blackcap 
raspberries  and  blackberries  have  each  year  produced  exceptionally  fine 
crops  under  irrigation.  Potatoes  have  been  irrigated  during  seasons  of 
drought.  In  1894,  which  was  an  exceptionally  unfavorable  season  for 
potatoes,  the  crop  obtained  by  irrigation  yielded  at  the  rate  of  300 
bushels  to  the  acre. 

IRRIGATION   ox   THK  FARM   OF  J.  C.  EDDY,  SIMSBURY. 

Mr.  Eddy  is  making  a  specialty  of  small  fruits  and  vegetables,  and 
the  severe  droughts  which  have  occurred  each  summer  for  the  past 
three  or  four  years  have  impressed  upon  his  mind  the  great  importance 
of  an  abundance  of  water  for  the  financial  success  of  his  business. 
Tlje  farm  is  located  near  the  western  limits  of  the  Connecticut  Valley, 
and  is  composed  mainly  of  a  light,  porous,  rather  sandy  soil  that 
requires  large  quantities  of  water  to  grow  crops  successfully.  A  small 
stream  within  a  narrow  valley  passes  through  the  farm,  and  the  culti- 
vated lands  lie  mainly  upon  slopes  just  outside  this  valley.  The  water 
of  the  stream  is  not  very  cold,  and  the  temx)erature  is  raised  somewhat 
by  allowing  the  water  to  stand  in  a  storage  pond  where  a  large  surface 
is  exposed  to  the  direct  rays  of  the  sun.  The  water  appears  to  con- 
tain quite  a  little  organic  matter,  and  doubtless  furnishes  considerable 
plant  food. 

It  has  been  found  impossible  to  bring  the  water  upon  any  save  a 
small  portion  of  the  farm  by  damming  the  stream  and  bnilding  ditches, 
and  it  would  have  cost  quite  a  sum  to  have  gotten  the  right  of  way, 
as  the  water  would  need  to  be  taken  from  a  point  beyond  the  limits  of 
the  farm ;  therefore,  a  ram  was  adopted  as  the  most  feasible  means  of 
making  the  water  available  for  irrigatipn.  In  order  to  get  the  neces- 
sary fall  for  running  the  ram,  a  canal  about  40  rods  in  length  was 
dug  along  the  outer  edge  of  the  valley.  From  the  lower  end  of  this 
canal  the  water  makes  a  fall  of  7  feet  through  a  6-inch  drive  pipe  and 
forces  a  large  ram  located  near  the  center  of  the  valley.  The  water  was 
turned  into  the  canal  by  a  small  and  inex|>en8ive  wooden  dam.  No 
more  water  is  allowed  to  enter  the  canal  than  can  be  carried  off  through 
the  drive  pipe  of  the  ram.  The  supply  that  flows  in  the  brook  is  many 
times  the  amount  that  even  the  heaviest  form  of  ram  could  lift. 

At  quite  an  elevation  above  the  cultivated  fields,  on  soil  of  a  heavy, 
clayey  nature,  was  located  a  small  pond  that  usually  became  dry  in 
summer. .  This  was  enlarged  by  dredging  and  by  bulldvu^^w.  ^^ss>0^^^ssfiL 
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on  two  BJdeB.  A  storage  pond  was  thos  provided  liaving  an  area  or 
about  half  an  acre  and  an  average  deptU  of  about  1  feet,  with  a  bottom 
tiglit  enongta  to  prevent  mach  Boakage.  This  poud  is  located  about  80 
roilB  from  the  Btrt^am  at  the  nearest  i>oint,  and  high  eoongb  to  give  a 
good  fall  to  most  of  the  cultivated  fields. 

The  water  haa  to  be  lifted  to  a  height  of  70  feet  before  It  enters  the 
storage  poud  and  is  coiidact«d  throngh  a  2j-iuch  iron  pipe.  Ooiineo- 
tions  van  be  made  with  this  pipe  at  various  points  between  the  ram  and 


Piu.  1.— Irrigatlnn  K.riiteni  kd  ike  fami  of  J.  C-.  FAAy.  SliiiKlMiry.  l-onn. 

the  Htoi'Sge  itond,  and  tliU!<  the  same  i>ii)e  can  he  used  to  conduct  the 
Wiitei-  to  tlio  pond  or  dii-ectly  to  the  fiuldjs  where  needed  for  use.  The 
main  pi]M5  used  is  2^  inches  in  diameter,  and  is  laid  suftlciently  deep 
not  to  intei'fero  with  cultivation.  .Mr.  ICddy  Idih  been  so  succescifbl 
in  IiIh  operations  during  189.7  tliat  he  proposes  to  enlarge  IiIm  plant  and 
to  force  the  water  over  a  large  area  of  land  planted  in  peaches  on  the 
o])|)0&ite  side  of  the  valley  from  the  storage  pond. 
The  a<'c«nipanying  plan  of  Mr.  Eddy's  farm  will  give  a  clojir  idea  of 
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the  position  of  tlie  ram,  the  storage  pond,  the  lines  of  pipe,  and  the 
vaiious  fields  upon  which  the  water  may  be  used.  The  different  fields 
upon  which  the  water  was  used  in  1895,  as  well  as  some  of  the  fields 
where  it  is  proposed  to  use  it  are  marked  out  by  dotted  line^.  It  will 
be  noticed  that  the  land  on  either  side  of  the  brook  to  the  east  of  the 
pond  slopes  rapidly  toward  the  valley.  The  slope  is  here  so  great 
and  the  soil  of  such  a  porous  nature  that  the  water  can  only  be  applied 
by  sprinkling  from  hose.  The  proposed  line  of  pipe  to  the  high  ground 
east  of  the  valley  is  indicated  by  dotted  lines. 

The  fields  to  the  north  of  the  farm  buildings  are  watered  through 
pipes  directly  from  the  storage  pond. 

Two  acres  of  strawberries  on  the  west  side,  which  were  iirigated 
during  the  season  of  1895,  were  on  soil  of  such  a  slope  that  either  sur- 
face flowage  or  sprinkling  could  be  U8e<l.  Water  is  wanted  in  large 
quantities  on  strawberries  during  short  periods  of  time. 

The  crops  grown  and  successfully  irrigated  by  Mr.  Eddy  during  1895 
were  strawberries,  muskmelons,  onions,  and  cauliflower.  These  have 
proven  especially  imi)ortant  crops  because  of  their  high  value  per  acre 
and  the  fact  that  the  farm  is  located  at  quite  a  distance  from  markets, 
where  bulky  crops  giving  smaller  profits  per  acre  would  be  expensive 
to  market.  With  this  variety  of  crops  the  water  would  not  be  needed 
in  very  heavy  quantities  at  any  oue  time  during  the  season,  unless  it 
might  be  for  a  few  days  during  the  fruitiug  season  of  the  strawberries. 

Results  of  irrigation  on  strawberries. — Mr.  Eddy  had  4  acres  of  straw- 
berries in  1895.  Two  of  these  were  located  on  high  ground  at  the  east 
side  of  the  farm  and  could  not  be  irrigated,  and  the  other  two  on  quite 
low  ground  u(n'th  of  the  buildings.  A  severe  frost  in  May  api)eared  to 
have  destroyed  many  of  the  blossoms  and  lessened  the  crop  prospects 
very  decidedly  for  the  2  acres  located  on  low  ground,  while  but  little 
damage  resulted  to  those  on  the  high  ground.  Owing  to  this  condition 
larger  returns  were  to  be  exx)ected  from  the  field  located  on  high  ground, 
provided  rainfall  had  been  abundant.  As  it  was,  however,  a  drought 
began  early  in  June  and  seriously  reduced  the  strawberry  crop  all  over 
the  State.  At  the  end  of  the  season  it  was  found  that  the  2  acrei  which 
were  not  irrigated  gave  a  yield  ori50  crates  (32  quarts  each),  while  the 
2  acres  that  were  irrigated  yielded  415  crates.  After  the  first  few 
days'  picking,  the  fruit  on  the  unirrigated  field  was  much  smaller  and 
darker  colored  and  averaged  only  about  8  cents  a  quart  for  the  season, 
while  that  from  the  irrigated  field  averaged  11  cents  a  quart.  It  must 
be  remembered,  however,  that  the  fruit  from  the  unirrigated  field  had 
to  be  sold  when  the  markets  were  heavily  stocked  with  berries,  while 
much  of  that  from  the  irrigated  area  reached  the  market  after  prices 
had  risen,  owing  to  the  general  shortage  from  the  effects  of  the  drought. 

The  water  was  not  applied  until  just  before  the  i)icking  season 
opened,  although  better  results  would  probably  have  been  obtained 
had  the  water  been  used  two  weeks  earlier.    The  method  of  ^v\>V3v\% 
first  adopted  was  surface  flowage,  but  owing;  lo  t\i^  \xv\\\«\\\i^V^^^\^'^^ 
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rows  it  was  foand  that  this  method  was  a  very  slow  one.  For  this  rea- 
son the  plan  of  sprinkling  from  hose  was  adopted.  Condemned  2-iDch 
fire  hose,  with  a  large  sprinkler  attached,  was  used.  This  would  throw 
a  powerful  spray,  covering  an  area  about  20  feet  in  diameter.  The 
pressure  was  sufficient  to  give  a  flow  of  30  gallons  per  minute.  With 
this  fiow  it  was  found  that  one  man  could  water  an  acre  thoroughly  in 
about  ton  hours. 

Later  experience  (1896)  shows  better  results  by  the  temi>orary 
removal  of  the  mulch  and  the  application  of  the  water  by  flowage. 

Results  on  muskmelons. — When  grown  on  light  soil  and  forced  along 
rapidly  early  in  the  season,  muskmelons  have  generally  proved  a  very- 
valuable  crop  in  this  State.  Much  loss,  however,  has  been  occasioned 
by  frosts  before  much  of  the  fruit  is  in  condition  to  market.  It  is 
claimed  that  by  irrigation  it  is  possible  to  get  the  melons  into  market 
considerably  earlier  than  usual,  and  to  get  large  crops  before  killing 
frosts  occur.  As  the  plants  only  cover  a  small  iH)rtion  of  the  ground 
early  in  the  season,  sprinkling  seems  to  be  the  best  method  of  applying 
the  water,  and  where  the  soil  is  loose  and  porous,  with  considerable 
fall,  sprinkling  is  without  doubt  the  best  method  for  the  entire  season. 
By  applying  water  once  in  five  or  six  days,  when  a  hick  of  rainfall 
seemed  to  make  it  necessary,  it  is  thought  that  a  sternly  growth  of  the 
vines  and  an  earlier  and  much  larger  crop  was  sec^ured  than  could 
have  been  obtained  without  artificial  watering.  It  api>ears  also  that 
irrigation  may  have  had  infiuence  in  improving  the  flavor  of  the  fruit. 
This  may  be  a  valuable  feature  of  irrigation  upon  this  crop;  however, 
further  investigation  will  be  necessary  to  establish  it.  The  melon  crop 
grown  upon  1  acre  by  irrigation  sold  for  $350,  and  the  vines  were  *'fall 
of  fruit"  when  they  were  killed  by  frost  September  14. 

Results  on  onions. — This  crop  did  not  suffer  materially  from  drought 
during  18t)5  in  this  State.  Mr.  Eddy's  crop,  however,  was  grown  upon 
very  light  soil,  and  the  ground  was  thoroughly  sprinkled  once  daring 
the  growing  season.  A  small  portion  of  the  field  could  not  be  reached 
with  the  hose,  and  this  was  allowed  to  go  without  artificial  watering* 
No  measurements  of  the  crop  were  made,  but  when  visited  by  the  writer 
while  the  crop  was  being  harvested  considerable  difference  could  lie 
seen  between  the  crop  on  the  irrigated  land  and  that  on  the  small  strip 
that  was  not  irrigated.  One  thing  especially  noticeable  in  addition  to 
the  smaller  yield  was  the  increased  proportion  of  small  onions  where  no 
water  had  been  used. 

Results  on  cauliflower. — About  1  acre  of  this  crop  was  grown  during 
1895.  The  crop  was  grown  on  a  field  of  medium  heavy  loam  only  a  few 
feet  above  the  bottom  lands  of  the  valley.  The  fall  atiross  the  field, 
lengthwise  of  the  rows,  was  at  the  rate  of  3  feet  jier  hundred,  and  the 
water  was  applied  to  this  crop  by  allowing  it  to  flow  between  the  rows. 
From  a  2iinch  pipe,  with  a  2  inch  hose,  about  40  gallons  of  water  i>er 
minute  could  be  obtained,  and  only  about  eleven  minutes  were  required 
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for  the  water  to  flow  from  one  end  of  tbo  rows  to  the  other,  a  distance  of 
175  feet.  The  water  was  applied  once  in  abont  five  or  six  days  if  the 
lack  of  rainfall  seemed  to  make  it  necessary.  The  cauliflower  headed 
earlier  than  usual,  and  the  crop  sold  readily  at  about  $400  per  acre. 

EXPERIMENTS  ON  THE    EFFECTS  OF  IRRIGATION  ON   STRAWBERRIES. 

In  June,  1895,  the  Connecticut  Storrs  Station  began  some  experi- 
ments on  the  farm  of  Mr.  Eddy,  for  the  purpose  of  studying  the  eftects 
of  irrigation  on  the  quantity  and  quality  of  strawberries,  and  to  ascer- 
tain some  facts  regarding  the  profits  to  be  obtained  from  the  use  of 
irrigation. 

It  is  hoped  that  this  will  be  the  beginning  of  a  series  of  experiments 
by  this  station  on  the  effects  of  irrigation  on  a  variety  of  crops.  There 
are  many  questions  that  it  seems  desirable  to  investigate  in  connection 
with  the  subject,  such  as  the  different  riiethods  of  applying  water  and 
the  relative  advantage  of  each,  observations  on  soil  temperature,  deter- 
mination of  the  amount  of  plant  food  supplied  in  the  water  used,  and 
chemical  analyses  of  fruits  grown,  for  the  purpose  of  determining  the 
amounts  of  sugar  in  irrigated  and  unirrigated  crops. 

The  work  was  undertaken  so  late  in  the  season  that  observations 
were  made  only  on  the  yield,  and  on  the  quality  of  the  crop,  as  indi- 
cated by  taste,  api)earance,  and  market  value. 

PLAN   OF  THE   EXPERIMENT. 

A  section  was  chosen  from  a  field  of  strawberries  of  about  2  acres  in 
area.  The  soil  appeared  to  be  nearly  uniform,  and  the  conditions  were 
favorable  for  applying  the  water.  The  field  had  been  set  to  strawber- 
ries in  the  spring  of  1894.  The  Haverland  was  the  variety  used, 
with  every  fourth  plant  in  the  row  a  Jessie,  the  latter  being  used  for 
fertilizing  the  Ilaverlands.  The  plats  were  115  feet  long  and  12  feet 
wide,  three  rows  to  a  plat,  two  plats  being  irrigated  and  two  not  irri- 
gated. Two  rows  were  left  between  plats  which  were  not  included  in 
the  experiment,  in  order  to  thoroughly  separate  the  irrigated  from  the 
unirrigated  sections.  The  plats  were  to  be  irrigated  as  often  as  seemed 
to  be  necessary  to  get  good  commercial  results. 


24 


RK8ULTH. 


The  following  table  gives  the  yields  in  qaarts  and  ])ound8  for  esioh 
day  when  frnit  was  picked. 

Yields  of  ttrawberriet  on  irrigated  and  unirri^fattd  plata. 


Date. 


1895. 
June  13 

U 

15 

17 

18 

19 

20 

21 

22 

24 

25 

26 

27 

29 

July    2 

6 

ToUl . 


put  1,  Ir 
QuarU. 

rigate<l.> 

• 

PountU. 

put  2.  iin 
Quarts. 

kirrigated. 
Pounds. 

put  3.  ir 
Quarts. 

rlgated.' 

put  4,  QDiniisatod* 

Pounds. 

Quarts. 

Pounds, 

1.1 

«i.6r 

4.0 

«5.6 

3.9 

»5.5 

3.0 

U.1 

4.0 

»6.0 

6.0 

«8.4 

4.0 

»5.6 

6.0 

«a.4 

12.0 

M8.0 

12.0 

•16.8 

18.0 

M8.2 

6.5 

•9.1 

19.5 

29.1 

1H.0 

25.6 

25.0 

81.8 

18.0 

U.9 

14.0 

19.1 

6.0 

8.0 

14.0 

17.9 

3.5 

4.t 

14.0 

19.1 

5.0 

6.5 

17.0 

23.2 

4.5 

6.ft 

21.0 

27.8 

3.0 

4.0 

12.0 

15.7 

3.0 

4.1 

16.5 

22.2 

3.0 

3.2 

11.8 

14.8 

3.0 

B.f 

10.0 

12.4 

3.0 

4.4 

6.0 

7.4 

5.0 

ft.1 

25.0 

34.0 

4.5 

5.3 

(•) 

(') 

(*) 

(») 

*«.o 

«8.4 

M.5 

1.8 

32.0 

42.7 

5.0 

€.8 

14.0 

20.8 

1.3 

1.7 

7.0 

10.1 

2.0 

t.O 

9.0 

12.2 

1.0 

1.0 

3.5 

4.7 

1.0 

1.0 

4.0 

5.5 

1.0 

1.1 

3.5 

4.0 

1.0 

1.4 

5.5 

7.9 

.5 

.8 

6.0 

8.3 

.5 

.9 

2.0 

2.4 

1.0 

1 

1.4 

177.6 

246.5 

1          69.8 

1 

1 

94.2 

159.  ? 

215.2 

62.0 

,            84.1 

>  Watered  June  10.  15,  18.  and  20  and  21. 

'  Aadumed  to  weigh  name  rate  per  quart  an  on  June  17. 


■  Not  ]>icke4l. 
*  Not  all  picked. 


Most  of  the  picking  was  done  by  a  representative  of  the  station,  as 
often  as  seemed  necessary  to  have  the  fruit  in  good  market  condition. 
In  case  of  the  fli'st  three  pickings  no  facilities  were  on  hand  for  weigh* 

ing^andthcfruitwas 

Irrigated 


Platl 


Not  Irrigated 


4 


Irrigated 


ii 


estimated  to  weigh 
the  same  per  quart 
as  that  of  the  next 
succeeding  picking* 
The  weights  i)er  plat 
were  figured  from 
these  <lata.  All  of 
the  other  pickings 
were  both  measured 
and  weighed. 

The  eftects  of  irri- 
gating on  the  yield 
of  strawberries  is 
shown  graphically 
in  the  accompany- 
ing diagram. 

Water  was  used  on  the  irrigated  plats  on  June  10, 15, 18,  and  20.  The 
water  was  applied  by  means  of  2'inch  hose  from  a  SJ-inch  iron  pifielaid 
on  the  surface  of  the  ground.  The  size  of  the  stream  and  the  force  of 
the  water  was  sufficient  to  give  30  gallons  (about  1  barrel)  per  minute. 
At  this  rate  of  flow  one  man  could  water,  by  sprinkling,  about  1  acre 
per  day.    The  ground  was  given  a  thorough  wetting  each  time. 


Not  Irrigated 

V/////////X 


Fig.  2.— Comparative  yielda  of  atrawberriea  on  irrigated  and  iinirH- 

gated  plato,  1895. 
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There  was  very  little  rainfall  during  the  first  twenty-five  days  of 
June.  Seven-tenths  of  an  inch  fell  between  the  2d  and  6th,  but  from 
the  0th  to  the  22d  no  rain  whatever  fell;  on  the  22d  there  was  0.25  inch, 
and  after  the  25th  of  the  month  rain  was  quite  abundant.  Strawberries 
generally  began  to  feel  the  effects  of  the  drought  by  June  17,  betbre 
the  picking  season  was  more  than  one-third  through. 

It  will  be  noticed  that  for  the  first  two  pickings  the  results  were  in 
favor  of  the  unirrigated  plats,  and  that  the  yields  on  the  unirrigated 
plats  were  nearly  as  great  as  on  the  irrigated  until  after  June  17.  For 
the  second  picking  (Juno  14)  the  two  watered  plats  only  gave  8  quarts, 
while  the  two  not  watered  yielded  12  quarts.  This  tends  to  show  that 
irrigation  retards  the  development  of  the  fruit  and  causes  it  to  ripen  a 
little  later.  The  same  condition  was  noticed  on  the  larger  fields  of  this 
farm.  During  the  first  few  pickings  the  fruits  from  the  unwatered  plats 
were  found  to  be  sweeter,  but  those  from  the  watered  plats  were  larger 
and  ''  looked  3  cents  per  quart  better." 

On  June  17  the  leaves  of  the  plants  on  the  unirrigated  plats  began 
to  wilt  and  the  berries  to  shrivel.  The  plants  on  the  unwatered  plats 
continued  to  dry,  the  leaves  began  to  fall,  and  the  fruit  was  small,  dark 
colored,  shriveled,  and  seedy. 

On  June  24  the  writer  visited  the  fields  and  found  the  plants  on  the 
unirrigated  plats  drying  badly;  leaves  shriveled  and  many  dry  and 
dead;  fruit  much  smaller,  darker  colored  when  ripe,  and  shriveled  and 
seedy;  hulls  shriveled,  and  fruit  appearing  overripe  when  picked. 

On  the  other  hand,  plants  on  the  irrigated  plats  looked  fresh  and 
vigorous,  the  berries  were  large,  bright  colored,  and  abundant,  and 
much  green  fruit  was  developing.  The  fruit,  however,  was  not  quite  as 
sweet  as  on  the  unirrigated  plats. 

The  total  yield  on  the  two  irrigated  plats  was  337  quarts  and  on 
two  unirrigated  132  quarts.  This  was  at  the  rate  of  5,318  quarts  for 
the  irrigated  and  2,083  quarts  for  the  unirrigated.  The  fruit  from  the 
unirrigated  plats  had  to  be  sold  for  an  average  of  9  cents  per  quart, 
while  that  from  the  irrigated  areas  brought  11  cents.  At  these  rates 
per  quart  the  fruit  on  the  irrigated  plats  sold  at  the  rate  of  $584.76  per 
acre  and  that  on  the  unirrigated  at  the  rate  of  $187.47  per  acre,  a  dif- 
ference of  $397.29  per  acre  in  favor  of  irrigation. 

It  will  be  readily  seen  that  with  only  2  acres  of  strawberries  the 
increased  returns  obtained,  during  one  season  by  the  use  of  water, 
would  afford  quite  a  sum  toward  covering  the  expense  of  an  irrigation 
plant. 

SUGGESTIONS    REGARDING  IRRIGATION. 

The  surface  contour  of  most  of  the  land  of  Connecticut,  and  in  fact 
of  all  New  England,  is  such  as  to  facilitate  the  utilization  of  water  tor 
irrigation.  The  land  is  undulating  and  of  such  a  slope  as  to  readily 
admit  of  the  conveyance  and  application  of  water.  Streams,  ponds, 
and  springs  are  common,  and  except  in  iiises  of  seveve ^itwv^V^X^x^^^ 


I  an  adequate  supply  of  water  for  irrigatit)g.  Many  cn>|>8  like 
truwbei'i ieo,  raspberries,  ami  early  vegetables  uved  irrigating,  if  at 
I,  early  in  the  seastm.  Tlie  supply  of  water  is  then  oft#ii  sufficient, 
Vwlieii  i»erliap»  later  in  the  season  it  would  not  be  ample.  Slucli  of  the 
P'land  that  would  be  improved  by  irrigation  is  tburd  iu  valleys,  in  the 
jtroximity  of  streams  and  ponds,  which  iu  many  (mses  are  high  enough 
for  the  water  to  be  applied  by  gravity  on  the  arenH  below,  and  the  e«st 
of  getting  the  water  is  merely  nominal.  The  soils  used  for  our  most 
profitable  t^rops  are  genendly  light,  porous,  and  lL>achy,  and  are  just 
the  rliiHS  of  soils  that  need  irrigating;  while  our  best  money  croi>s, 
surh  as  small  fruits  and  vegetables,  eoinmouly  grown  on  these  soils,  are 
heavy  users  of  water.  There  is  no  need  of  drainage  in  connection  v 
irrigation  on  soils  of  this  elasx,  as  in  ott«n  itie  case  where  the  subt 
compaet. 


soils,  are 
tioii  vi^^^^ 


The  sources  of  water  for  irrigation  in  Connecticut  are  natural  [wiids, 
streams,  springs,  aud  wells.  In  many  cAsea  jwnds  are  so  located  that 
water  can  be  conveyed  from  them  t^i  fields  on  lower  ground  by  nieaua 
of  open  ditches.  The  expense  for  conveying  the  water  will  depend  ujMin 
the  distance  and  the  character  of  the  ground  to  bo  passed  througb. 
This  is  often  the  cheapest  method  for  securing  watei\  When  the  sop- 
\iy  is  great  the  loss  of  wutt'r  occasioned  by  seepage  from  the  ditch,  or 
by  evapoiatfon  is  not  of  serious  cousequence.  There  are  a  few  ponds 
in  the  State  where  by  p  ping  over  higher  ground  and  then  on  to  I.Tiid 
heluw  the  surface  of  the  |)ond  the  water  can  be  siphoned  over  and  thas 
made  available. 

The  fall  of  many  of  the  small  streams  is  so  great  that  by  building  a 
dam  the  water  might  be  turned  from  its  natural  course  and  conveyed 
in  ditches  along  the  outer  edge  of  the  valley  and  then  allowed  to  flon- 
over  the  surface  of  the  fields  back  of  the  natural  stream.  In  many 
cases  the  water  runuirig  away  from  mills  might  be  applied  by  llowage. 
The  water  from  several  springs  may  sometimes  be  conveyed  to  a  single 
point  and  then  held  in  a  small  pond  from  which  it  may  be  drawn  as 
needed.  Where  only  small  areas  are  to  be  irrigated,  wells  may  be 
made  a  source  of  water  supply.  The  well  must  afford  a  large  How  and 
should  be  so  located  that  the  water  can  be  stored  at  some  point  iiC 
least  2.1  feet  above  the  fields  to  be  watered.  In  many  i;as<a  bored 
wells  might  be  ntiIizi>U  and  afford  a  heavy  How  of  water. 


IRBIOATION  IN  NEW  JERSEY. 

Hy  F.i.wAiiii  II.  V,»,ii]n.:Kri.  M.  A., 

IHrn-li<r  of  Hit  .Vnc  .lemtn  .Igrieultural  Eiperimrnl  StuU'in-  anil  Pi-o/em^or  of  .Ijri- 
failure  in  IlHl„er>  foUeiit. 

INTRODUCTKIN. 

Tbe  question  of  irrigation  in  wbiit  are  regiirde<l  as  tlie  bnmid,  or 
regtous  of  sufDcient  annual  rainfaH  of  tbi^  cnantry,  is  beginning  to 
receive  considerable  attention,  and  the  interest  now  aroused  may  be 
traced  rather  to  i-banges  wliieh  have  taken  place  iu  the  character  of 
the  farming  than  in  iiny  marked  changes  in  the  character  of  the  seasons 
and  iu  the  annual  nvinfall. 

In  New  Jecaey,  as  well  as  in  other  Eastern  States  contiguous  to  the 
largo  cities,  there  has  been  a  rapid  increase  in  the  area  devoted  to 
market-garden  products,  fruits  and  berries,  or  crops  of  relativuly  high 
value,  and  a  corresponding  decrease  in  the  area  devoted  to  old-line 
farming,  or  to  crops  of  comparatively  low  value.  This  change  in  the 
nature  of  the  crops  grown  i.s,  as  a  rule,  accompanied  by  a  change  in 
practice,  that  is,  what  is  known  as  the  'intensive"  system  of  fanning 
is  more  largely  adopted;  large  quantities  of  manures  are  applied  and 
crops  rapidly  succeed  each  other,  all  snpplied  with  an  abundance  of 
food,  Fu^  thcrmore,  earliness  and  high  quality  of  piodncts  are  of  rela- 
tively greater  tinaucial  im]}ortance  than  formerly,  and  these  conditions 
can  not  be  -secured  without  a  continuous  and  abundant  supply  of  water. 
The  wider  dissemination  of  accurate  information  concerning  the  princi- 
ples which  govern  in  the  management  of  soils  and  in  the  feeding  of  crops 
and  the  means  now  afforded  for  combating  insects  and  diseases  enable 
the  producer  at  the  present  time  to  largely  control  the  conditions  other 
than  weather.  Tiie  late  frost  iu  spring  and  early  frost  in  autumn, 
floods,  and  the  spring  nnd  midsummei'  droughts  ai-e  still  beyond  hia 
control,  and  thefrequencyof  the  latter  are  the  cause  of  very  gresit  losses 
anuually. 

The  lock  of  water,  particularly  for  quick-growing  vegetables,  small 
fruits,  and  berries,  not  only  seriously  atl'ecta  both  their  yield  and  qual- 
ity, but  many  times  causes  complete  failnre.  The  necessity  of  utilizing 
all  the  means  at  hand  for  overcoming  these  difficulties  ie^  tV*\«Xw««6, 
apparent  and  .justifies  a  careful  inquiry  concfttww%  \Xxft  ^oa^'W'fe.SS'se. ^A 
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irrigation  in  those  regions  in  which  crops  are  more  or  leas  injured  from 
year  to  year  either  tlirough  a  lack  of  sufficient  rainfall  or  through  its 
unequal  distribution. 

In  carrying  out  the  investigations  here  recorded,  particular  inquiry 
was  made  along  the  following  lines:  (I)  Need  of  irrigation  in  New  Jer- 
sey; (2)  areas  capable  of  being  watered  by  gravity  and  accessible  water 
supply  for  this  x)urpose;  (3)  estimated  cost  of  irrigation ;  (4)  use  of  irri- 
gation in  the  State,  methods  used,  and  the  results  secrured;  and  (5) 
irrigation  experiments  in  New  Jersey. 

The  meteorological  records  of  the  State  afford  abundant  proof  that 
there  is  very  fre<|ueutly  a  shortage  of  water  during  the  growing  season, 
due  both  to  a  deficiency  in  rainfall  aii<l  to  its  unequal  distribution,  and 
that  the  most  seiions  shortage  occurs  in  those  sections  [>eculiarly 
adax)ted  for  the  growth  of  vegetables  and  small  fruits. 

The  data  in  reference  to  rainfall,  in  <'.onnection  with  careful  measure- 
ments of  the  flow  of  streams,  show  that  the  State  possesses  a  large 
supply  of  water  tnr  i)urposes  of  irrigation,  which  careful  surveys  indi- 
cate may  be  made  accessible  at  a  reasonable  expense. 

That  this  valuable  resource  of  the  State  may  be  utiliz<Ml  with  proftt 
is  illustrated  by  the  examples  given,  derived  from  iU'tual  exi)erieuce. 
The  financial  returns  secured  in  these  cases  were  profitable,  even 
thougli  those  engaged  in  the  work  were  inexperienced  in  all  matters 
pertaining  to  irrigation.  With  proper  knowledge  of  methods,  the 
advantages  derived  doubtless  would  hav<^  been  very  mucli  greater. 

The  experimental  plant  now  in  operation  on  the  farm  connected  with 
the  New  Jersey  stations  has  for  its  object  tlie  study  of  the  necessity  of 
irrigation  for  a  wi<le  variety  of  crops,  the  amount  of  \vati*r  required, 
and  the  various  methods  of  application. 

NEED    OF    IKRKJATION    IN   NEW   JERSEY. 

The  need  of  irrigation  in  some  {portions  of  the  State  has  been  seri- 
ously felt  several  times  during  the  past  fifteen  years,  and  especially 
during  the  year  1895,  which  is  still  fresh  in  memory.  This  need  is  not 
so  apparent  when  we  merely  consider  the  average  rainfall  tliroughont 
the  State,  which  varies  from  44.09  inches  in  the  northwest  to  49.70 
inches  on  the  seacoast,  the  main  law  of  change  observable  being  a  cpiite 
steady  decrease  as  we  go  inland  from  the  coast.  It  is,  nevertheless,  a 
fa<;t,  that  our  entire  rainfall  occasionally  sinks  to  .'{1.5  inches  in  some 
localities,  or  as  low  as  the  annual  rainfall  on  the  borders  of  the  sub- 
humid  region  of  the  West,  and  also  that  droughts  occur  during  the 
growing  months  from  April  to  August,  inclusive,  even  more  frecjuently 
than  is  popularly  supposed.  If  even  one  of  these  months  shows  a  seri- 
ous deficiency  of  rainfall  below  the  average,  some  crop  is  likely  to  suffer. 
In  order  to  show  how  often  this  has  occurred  in  the  past  a  table  has 
been  compiled  from  the  longer  series  of  rainfall  records  obtainable, 
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which  shows  what  i^ercentage  of  the  years  covered  by  the  records  in 
each  case  show  a  deficiency  of  1  inch  or  more  below  the  average  rainfall : 

Percentage  of  years  in  which  rainfall  during  growing  season  has  been  1  inch  or  mare  below 

ihe  average. 


Years  of 
record. 


NewYork 1836-1895 

Newark '  1844-1895 

New  Urnns wick I  1854-1885 

riiiladelpliia 1825-1895 

Moorestown {  1879-1895 

Vinelaud 1  1868-1895 


April. 

May. 

June. 
35 

Jnly. 

1 
Aagiist. 

33 

35 

33 

39 

32 

28 

36 

40 

32 

35 

28 

32 

47 

40 

34 

32 

32 

37 

38 

7 

27 

27 

33 

27 

2 

34 

29 

50 

40 

Deficiency  for— 


One    !    Two 
month,  months. 


75 


42 


88 


56 


Three 
months. 


21 


30 


Taking  eacth  month  by  itself,  we  find  that  the  longer  records  show 
generally  that  the  deficiency  occurs  about  one-third  of  the  time.  The 
fact  that  it  is  less  for  Moorestown  and  Vineland  for  certain  months  is 
probably  due  only  to  the  shortness  of  the  records.  The  second  part  of 
the  table  shows  a  fact  which  is  more  serious,  namely,  that  during  the 
seventy  years  covereil  by  the  Philadelphia  record,  88  per  cent  of  the 
years  show  at  least  one  month  of  this  critical  period  deficient,  while  56 
per  cent  show  two  or  more  months  deficient,  and  30  per  cent  three  or 
more  months.  The  only  reason  that  New  York  shows  a  less  proportion 
is  that  the  record  does  not  include  the  years  from  1825  to  1835,  which 
were  dry  ones.  After  a  careful  analysis  of  all  the  rainfall  records  of 
the  State  we  are  convinced  that  during  this  })eriod  of  seventy  years 
any  part  of  the  State  would  have  been  subject  to  as  great  and  as  fre- 
quent droughts  as  are  shown  by  the  Philadelphia  records. 

Observation  confirms  what  we  should  naturally  expect,  that  our  aver- 
age rainfall  is  that  which  is  most  conducive  to  luxuriant  vegetation, 
that  is,  to  good  crops.  We  should  expect  this  because  this  average 
represents  conditions  which  have  generally  caused  our  State  to  be  pro- 
ductive. If  we  turn  to  the  records  of  rainfall  we  find  that  those  years 
which  approximate  the  average  in  amount  and  distribution  of  the  rain- 
fall have  almost  invariably  been  very  productive  ones. 

We  find  from  our  rainfall  records  that  the  period  from  1860  to  1866 
shows  a  remarkably  uniform  rainfall  during  the  growing  months,  gen- 
erally close  to  the  average.  In  the  following  table  the  rainfall  for  cer- 
tain notably  dry  years  of  recent  occurrence,  with  the  average  rainfall 
for  certain  stations  which  fairly  represent  the  State,  is  shown. 

Uainfall  of  average  and  of  some  deficient  years, 

NEWARK. 


1880. 
1881. 
1882. 
1885. 
1894. 
1895. 


Average 


April  to 
August. 


Inches. 
17.38 
11.28 
14.61 
14.94 
10.42 
19.14 


Spring.    Summer.  I  Year. 


Inches. 

8.96 

11.45 

10.89 

6.49 

7.69 

10.00 


Inches. 

18.32 
0.66 
6.91 

10.48 
4.62 

11.88 


Inches. 
37.34 
39.00 
51.70 
43.59 
40.60 
39.53 


VL.^i 


^SkAV^k 
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Bain/all  of  average  and  of  some  deficient  yean — Continued. 

NEW  BRUNSWICK. 


1880. 
1881. 
1882. 
1885. 
1804. 
18»5. 


Average 


i?.'JLV  .   SP«-'n«-    Httmmer. '  Year. 


AugUHt 

InekeB. 
17.78 
11.32 
15.80 
15.41 
16.43 
10.68 


21.34 


Inrhet.       IncKea,     Inehm. 


7.90 

8.42 

10.76 

5.23 

11.02 

10.68 


14.76 
a  47 
7.72 

n.26 
7.00 

11.62 


87.17 
38.48 

48.66 
86.70 
48.06 
M.tf 


11.37 


13.74         46.1 


PHILADELPHIA. 


1880.. 
18H1.. 
1882.. 
1885.. 
18841. 
18931. 


17.47 

6.50  ' 

9.33 

7.15 

10.85 

10.75 

10.19 

0.99 

23. 12 

18.50 

16.38 

11.73 

14.50 
0.01 
9.07 
9.89 
0.70 
8.02 


83.58 
80.21 
45.58 
83.35 
65.68 
35.00 


Average 


19.80 


10.74 


12.  48         43. 35 


VI N  ELAN  I). 


1880. 
1881. 
1882. 
1885. 
1H94. 
1895. 


22.63 
13.01 
20.26 
13.  16 
24.02 
17.40 


10.95 
10.  lU 
11.69 
6.  30 
18.  72 
13.48 


18.03 
8.18 

12. 8K 
7.71 
7.71 
8.09 


Average 


19.09 


11.22 


12.98 


51.71 
4148 

54.01 
35.43 
55.10 
38.30 

47^87 


'MooreMtown. 

For  the  first  four  of  these  years  the  relative  severity  of  the  droughtu 
is  well  exhibited  by  the  deficieucy  of  the  rainfall  for  the  five  growing 
months  from  April  to  August.  In  1881,  the  driest  year  of  all,  this 
deficiency  ranged  from  9  to  10.5  inches,  although  Vineland  shows  but 
about  7  inches.  The  year  1885  shows  generally  about  G.5  inches  defi- 
ciency. The  years  1881  and  1894  were  so  dry  as  to  cause  the  fcn^ests  ia 
the  northern  part  of  the  State  to  turu  brown,  and  numbers  of  trees 
were  actually  killed,  showing  that  the  limit  of  endurance  of  the  forests 
had  about  been  reached.  We  find  that  at  Newark  the  deficiency  from 
April  to  August  was  9.1  inches  in  1881,  and  9.9G  inches  in  1894.  The 
average  deficiency  for  the  northeastern  part  of  the  States  was  i)robably 
about  the  same  for  both  years.  The  severity  of  the  drought  of  1894  is 
not  well  shown  in  the  rainfall  from  April  to  August  at  ^ew  Brunswick? 
Philadelphia,  and  Vineland,  but  taking  the  summer  rainfall  alone  it 
becomes  more  apparent.  So  in  1895,  the  tables  foil  to  show  the  full 
severity  of  the  drought,  but  the  following  table  exhibits  it  more  satis- 
iactorily  for  both  these  years : 

Rainfall  during  droughts  of  1894  and  1896. 


Kittatinny  and  highUuida 

Be<l  naDdfltono  pUTn 

Southern  interior 


May  to  Aognst — 
1895 


Aver- 
age. 


Inche*. '  Inches. 
13.92  ,  10.23 
14.87  10.90 
11.45  '     17.82 


Deflctt. 


June  to  Aagiut— 


Avenge.    Deficit. 


Jmskes. 

Inthes. 

1186 

7.14 

12.86 

o.a 

IS.  SI 

0.27 

/ 
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This  table  is  made  lip  from  the  average  of  a  large  number  of  stations 
for  each  district,  taken  from  the  records  of  the  State  Weather  Service, 
to  which  we  are  indebted  for  much  of  our  data.  The  drought  of  1894 
wa«  confine<l  to  the  summer  months,  and  was  slightly  more  severe  in 
northern  than  in  southern  New  Jersey  when  measured  by  the  deficiency 
of  rainfall  alone.  The  drought  of  1895  was  much  less  severe  in  north- 
ein  than  in  southern  New  Jersey  owing  to  the  fact  that  it  set  in  one 
month  later,  September  showing  about  1  inch  of  rainfall,  while  the 
deficiency  up  to  the  end  of  August  had  only  been  about  2  inches,  whereas 
in  southern  New  Jersey  August  showed  only  about  1  inch  of  rainfall 
and  September  the  same  amount.  It  is  interesting  to  compare  the 
amount  of  rainfall  shown  in  these  tables  with  that  of  western  Kansas, 
where  the  mean  annual  temperature  is  about  the  same  as  that  of  south- 
ern New  Jersey,  and  where  iiTigation  has  been  found  to  be  necessary 
for  i)rofitable  agriculture.  In  those  places  at  which  the  average  rain- 
fall is  about  20  inches  per  annum,  that  of  spring  is  4.7  inches,  and  that 
of  summer  7.9  inches,  making  a  total  of  12.6  inches  for  the  two  seasons. 
It  will  be  seen  that  the  above  dry  periods  approach  these  figures. 
Another  interesting  comparison  is  that  of  the  next  table,  which  is  com- 
piled from  the  report  of  the  Kansas  State  Board  of  Agriculture.*  This 
shows  the  rainfall  and  crop  conditions  where  the  average  yearly  rainfall 
happens  to  be  almost  exactly  that  of  our  driest  years.  It  will  be  seen 
that  from  April  to  August  the  average  rainfall  of  this  region  is  2()..'»0 
inches,  while  thatof  the  Kittatinny  Valley  and  highlands  is  19.75  inches, 
the  red  sandstone  plain  20.53  inches,  and  the  southern  interior  21.67 
inches  for  the  same  months.  The  temperature  is  also  much  the  same 
as  that  of  our  southern  interior. 

Rainfall  and  crop  conditiontt,  Riley  County,  Kans. 


Rainfall. 

Yield  per  acre. 

Year. 

April  to 
August. 

Spring. 

Summer. 

Year. 

Wheat. 

Corn. 

Bushels. 
38 
45 
2 
41 
40 
45 
42 
45 
32 
17 
50 
40 
47 
30 
25 
12 
29 
50 

OatA. 

Potatoes. 

1872    

Inches. 
24.84 
22.47 
8.12 
10.75 
34.20 
25.68 
26.45 
20.01) 
21.03 
13.36 
20.71 
24.86 
23.43 
15.88 
19.06 
17.46 
17.  73 
22.07 

Inches. 
9.79 

10.92 
3.75 
5.17 

17.21 

14.68 
7.83 
5.00 
5.32 
8.98 
9.70 
8.24 

10.22 
8.33 

11.18 
5.81 
6.11 
9.78 

Inches. 
15.97 
12.26 

4.74 

6.69 
20.95 
13.70 
20.39 
15.00 
16.21 

5.13 
11.68 
17.67 
15.57 

7.55 
10.33 
12.07 
14.10 
14.18 

Inches. 
35.78 
29.08 
17.73 
17.96 
45.78 
41. 79 
39.10 
36.13 
29.11 
28.94 
28.35 
36.79 
33.62 
24.90 
28.85 
29.88 
31.29 
30.87 

Bushels. 
14 
15 
11 
14 
13 
15 
16 
11 
11 

9 
22 
19 
23 
12 
16 

8 
19 
22 

Bushels. 
25 
33 
16 
28 
30 
50 
48 
35 
24 
37 
45 
50 
41 
40 
35 
30 
36 
41 

Bushels. 
68 

1873 

132 

1874 

5 

1875 

90 

1876 

lOU 

1877 

52 

1878 

67 

1879 

50 

1880 

Ti 

1881 

14 

1882 

80 

1883 

80 

1884 

110 

1885 

100 

1886 

75 

1887 

80 

1888 

20 

1889 

Average 

20.50 

8.78 

13.01 

31.55 

15 

35 

36 

65 

»For  the  quarter  ending  December  31,  1889,  p.  142. 
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Average  yield  and  value  oferope  in  good  and  had  eeaeona,  Rileg  Countg,  Kam9, 


I    ! 


.        I 


Average  yield  per 
•ere. 


CJrop. 


Wheat  . 
Corn  — 

Oatn 

Putatoes 


Good 

crops, 

1882-1884 


Bushels. 
21 
40 
45 

90 


Bad 

crops, 

1874,1881. 

1887. 


Value  per 

bushu, 

New 

York. 

1890.18M. 


Bushel*. 

9 

10 

28 

33 


Cents. 


84 
55 
28 
40 


avei 

-age. 
Value. 

U3 

r 

AmooDt. 

1 
Amount. 

Valne. 

Bushels. 

— _ 

Bushels. 

« 

$5.04 

12 

$10.  «• 

11 

6.05 

3« 

lt.M 

9 

2.  52 

17 

4.1V 

2.'. 

10.00 

37 

14. » 

The  years  1882  to  1884,  inclusive,  were  very  riuitfnl  («ie8,  and  tbey 
sbowrtbat  with  spring  and  summer  rainfall  amounting  to  from  22  to 
25  inches  in  all,  that  country  will  yield  21  bushels  of  wheat  per  acrey 
4G  bushels  of  corn,  45  bushels  of  oats,  and  90  bushels  of  ])otatoe8y 
whereas  the  average  crop  for  the  eighteen  years  has  been  wheat  15, 
corn  35,  oats  36,  and  potatoes  (>5  bushels.  This  is  a  striking  illustra- 
tion of  the  influence  of  rainfall  in  determining  the  }ield  of  crops.  It 
will  be  noticed  that  the  total  of  the  rainfall  from  April  to  August  for 
these  best  years  is  about  the  same  as  the  average  lor  Nc»w  Jersey,  while 
the  poorest  years  exhibit  conditions  quite  simihir  to  our  own  driest 
years.  Thus  we  have  in  1874,8.12;  in  1875,  lOJo;  in  18S1,  13.3G;  and 
in  1887, 17.40  inches  of  rainfall,  and  in  all  these  years  nio.st  of  the  crops 
are  very  poor.  If  wo  compare  the  dry  years  in  the  table  (|>.  20)  show- 
ing rainfall  at  different  ])oiiits  in  New  Jersey  we  notice  that  the  rain- 
fall from  April  to  August  ranges  from  about  9.3;{  up  to  17.70  iucbeSi 
excepting  in  a  few  cases  already  pointed  out,  where  the  total  from 
April  to  August  does  not  fairly  represent  the  severity  of  the  drought. 
Taking  the  rainfall  by  seasons,  the  table  ()).  31)  shows  a  range  for 
the  driest  season  of  the  poor  years  of  from  3.7.">  to  5.81  inc^hes,  while 
the  table  of  New  Jersey  rainfall  shows  a  range*  of  fioni  4.(>2  to  8.62 
inches.  In  general  it  will  be  seen,  therefore,  that  whih*  the  average 
yearly  rainfall  of  western  Kansas  is  only  about  three  ^juaiters  of  that 
of  New  Jersey,  the  rainfall  during  the  growing  nuuith.s  is  <juite  similar 
to  that  of  New  Jersey  both  in  its  range  and  its  average. 

It  appears  that  if  during  this  period  the  croj)  could  have  l)een  main- 
tained as  high  as  it  was  in  1882, 188,3, 1884,  and  1889,  when  rainfall  was 
sufficient,  the  annual  gain  in  cro])  per  acre  would  have  been  G  bushels 
of  wheat,  11  bushels  of  corn,  0  bushels  of  oats,  and  25  bushels  of  pota- 
toes, which,  at  the  value  per  bushel  given,  would  have  amounted  to  an 
average  of  $5.00  per  a<;re  on  these  four  crops,  or  34  [K*r  <*ent  of  t!:e  value 
of  an  average  crop.  It  will  further  be  found  that  the  average  loss  on 
bad  crops,  due  to  light  rainfall,  amounts  to  $12.30,  or  71  per  cent  of  the 
value  of  an  average  croj).  This  is  (nily  offered  as  an  illustration,  for 
the  probabilities  are  that  irrigation  wiuild  have  iirod need  still  better 
crops  than  we  have  taken  as  the  standard,  because  even  when  the 
rainfall  as  a  whole  is  snthcieut  there  will  often  l>emontiis  or  parts  of 
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months  in  which  the  drought  will  be  so  severe  as  to  injure  the  crop  to  a 
certain  extent;  besides,  it  is  highly  probable  that  irrigation  in  New 
Jersey  will  be  applied  to  the  raising  of  much  more  valuable  crops  than 
those  above  taken  for  illustration,  and  the  gain  for  these  crops  will  be 
at  the  same  rate  per  cent  as  for  the  less  valuable  crops  of  our  illustra- 
tion.  We  may  therefore,  without  attempting  exact  estimates  of  what 
the  profit  of  irrigation  will  be  where  so  much  depends  upon  the  char- 
acter of  the  crop  and  the  efficiency  of  treatment,  safely  consider  that  an 
outlay  of  $10  per  acre  per  annum  will  aftbrd  a  wide  margin  for  profit  in 
the  hands  of  a  good  farmer.  It  is  a  well-known  fact  that  the  returns 
from  irrigation  have  in  very  many  cases  been  such  as  would  give  an 
ample  profit  on  a  cost  of  $10  per  acre  annually.  The  preceding  tables 
make  it  appear,  then,  that  there  is  a  good  promise  of  profit  in  such  irri- 
gation as  will  supply  at  all  times  in  New  Jersey  moisture  equal  to  that 
of  an  average  year. 

The  following  table  shows  the  average  rainfall  and  temperature  over 
the  four  important  divisions  of  the  State: 

Average  rainfall  and  temperature  of  different  aectiana  of  Netc  Jersey, 


Month  or  neason. 


I  Kittatinny  Val 
ley  an«l  hij^hlands. 

I   Rain    i  Tempera 
'   ^*^*°'  '      ture. 


Janaary ... 
February . . 

March 

April 

May 

J  une 

July 

August 

September. 
October — 
November . 
December.. 


Year '    44.09 


Inehe*. 

°F. 

3.48 

25.3 

3.31 

27.7 

3.57 

3.3.8 

3.48 

47.2 

3.88 

58.8 

3.88 

67.6 

4.05 

71.3 

4.42 

68.6 

3.57 

61.7 

3.33 

50.1 

3.  57 

40.  4 

3.57 

29.8 

44.09 

48.5 

Red  sandstone  ■ 
plain. 

Rain     Tempera- 


Ineheg. 
3.63 
3.45 
3.72 
3.63 
4.04 
4.04 


Clay  and  marl 
region. 


Southern  inte- 
rior. 


«"-•  i'^'t'sr'-  «*'»-''i^sr."- 


23 
59 


3.72 
3.45 
3.72 
3.72 


45.94 


Spring I  10.93 

Summer i  12. 35 

Autumn 10.47 

Wint«r '  10.36 


46.6 
69.2 
50.7 
27.6 


11.39 
12.86 
10.89 
10.80 


°  F. 

Ifu:hf». 

"/■. 

28.5 

3.73 

29.5 

31.0 

3.55 

32.2 

36.8 

3.82 

38.0 

49.4 

3.73 

50.1 

60.3 

4.16 

60.9 

69.6 

4.16 

70.1 

74.3 

4.35 

74.6 

71.3 

4.71 

71.9 

64.5 

3.82 

65.1 

53.6 

3.55 

6:^.8 

43.4 

3.82 

44.0 

32.5 

3.82 

33.3 

51.3 

47.22 

52.0 

48.8 

11.71 

49.6 

71.7 

13.22 

72.2 

53. 8 

11.19 

54.3 

30.7 

11.10 

31.7 

Inehft. 
3.83 
3.64 
3.93 
3.83 
4.27 
4.27 
4.46 
4.84 
3.93 
3.64 
3.93 
3.93 


op, 

30.5 
33.5 
39.3 
60.7 
61.5 
70.6 
75.0 
72.6 
65.7 
54.1 
44.7 
34.1 


48. 52 


52.7 


12.03 
13.57 
11.50 
11.40 


50.5 
72.7 
54.8 
32.7 


This  table  makes  clear  the  important  bearing  of  temperature  upon  the 
relative  dryness  of  these  different  sections.  It  is  well  known  that 
droughts  are  felt  in  an  increasing  degree  as  we  proceed  from  the  Kit- 
tatinny Valley  and  highland  region  southward,  but  the  table  shows  that 
the  average  rainfall  increases  in  like  manner,  so  that  our  driest  section 
is  the  one  having  the  largest  average  rainfall,  and  it  has  been  fully 
established  in  the  investigations  of  the  run-ott*  of  streams'  that  evapo- 
ration increases  about  5  per  cent  for  each  increase  of  1  degree  in  mean 
temperature  of  the  atmosphere.  It  will  be  seen  from  the  table  that 
between  the  Kittatinny  Valley  and  highland  regions  and  the  southern 
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interior  there  is  a  differeuce  of  4.2  degrees  in  the  temperature  for 
the  year,  which  corresponds  therefore  to  an  increase  of  21  i)er  cent 
in  the  evaporation.  This  higher  temperature  fully  acccmnts  for  tbe 
greater  frequency  of  drought  in  southern  New  Jersey,  and  it  is  also 
seen  in  the  table  on  page  29  and  context  that  the  greater  average  rain* 
fall  of  that  section  is  not  accompanied  by  a  greater  rainfall  during  tbe 
driest  seasons,  which  may  be  as  dry  here  as  elsewhere;  consequently 
during  such  seasons  the  large  increase  of  eva]>oration  makes  the  drought 
more  severe  in  this  part  of  the  State  than  farther  north.' 

The  rain  which  falls  upon  the  earth  is  partly  dissipated  by  direet 
evaporation  into  the  atmos])here;  another  part  is  taken  up  by  vege- 
tation, and  practically  all  of  the  balance  flows  of!'  in  the  streams.  It 
is  apparent,  therefore,  that  if  we  have  reliable  measurements  of  the 
rain  falling  upon  a  given  area,  and  of  the  amount  flowing  of!'  in  the 
streams  during  the  same  [)eriod,  the  dif!*erenco  betweiMi  the  two  will 
represent  the  amount  either  evaporated  or  taken  u^)  by  plants,  most  of 
which  is  ultimately  also  dissipated  into  the  atmos[»'.:ere,  and  maybe 
included  in  the  general  term  *' evaporation.''  Our  investigations  show 
that  evaporation  is  not  directly  i)roportional  to  the  amount  of  rain^l, 
although  it  increases  somewhat  with  increased  rainfall.  Formulas  have 
been  worked  out^  by  which  evai>oration  can  be  computed  from  the  rain- 
fall for  each  month  of  the  year,  the  mean  tem])erature  of  the  locality 
being  given.  This  enables  us  to  determine  just  what  amount  of  rainfall 
will  be  equivalent  to  the  combined  demands  of  evai)oration  and  vege- 
tation which  we  have  inclnded  in  the  general  term  evajmration.  The 
following  table ^  gives  the  amonnts  for  the  dif!erent  sections  of  the 
State  : 

Jiainfall  needed  to  be  JuhI  equal  to  evaporation. 


I 


S<>4IMOIl. 


Wlntor  . . . 
Spring  — 
Siininior  . . 
Aiitamn  . . 

Year 


Kittatinnv 

h Wj'udi*    wafTMMMl.  Htotu.  plain. 


PaflHnic        Kcii  manil- 


Sontheni 

New 
Jeraej. 


1nehe». 
0.97 
3.19 
9.46 
3.21 

10.83 


Inches. 

Inches. 

IncKea, 

1.  10 

1.16 

1.17 

3.70 

3.  91 

4.  SI 

11.12 

11.97 

13.  «7 

3.96 

3.9U 

4.31 

19.61 


'20.94 


23.! 


Now,  if  rainfall  should  be  Jnst  equal  to  the  amonnts  given  in  the  table, 
and  we  start  with  the  ground  full  of  water  on  April  1,  the  next  table* 
shows  how  much  water  will  drain  out  of  the  ground  to  the  streams 
during  the  five  growing  months,  the  amounts  being  shown  month  by 


*Tlie  reader  is  relVrred  to  K<»port  <>ri  Water  Supply,  Geological  Survey  of  New 
Jersey,  1894,  and  cHpecially  to  pages  329  to  348,  if  he  cares  to  pimne  this  line  of 
study  further  than  the  present  outlines. 

^Report  on  Water  Supply,  Geological  Survey  of  Now  Jersey,  1894,  p.  180. 

3  Ibid.,  p.  336. 

<  Ibid.,  p.  340. 
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month  in  the  first  column,  and  the  total  to  the  end  of  the  given  month 
in  the  second  column. 

Flow  from  springn  when  rainfall  equals  evaporation. 


Month. 


Voir?,V?.?T     '  Pasasic  water-  I  Ked  aandHtone  j  Southern  in te- 


Spring  I  Deple-    Snring    Deple-  '  Spring '  Deple-  i  Spring    Deple- 
now.   I    tiun.    '   now.    |    tiuu.    {   now.    !    tiou.    ,   now.    i    tion. 


Inehet.   Inches.   Inirhrg.    Inehrt.  Inches.  Ineheg.  \  hiehes.  Inches. 

April '      1.20'      1.20  I       1. 16  '      1.16  1.43  1.43  |       1.76  1.76 

May I        .55  I      1.75'        ..'54  1      1.70  .64  2.07  1      1.38  3.  U 

June .39         2. 14  |        .40         2.10  .45  2. 52  i      1.30  4.44 

Jnlv I        .32  1      2.46,        .33  1      2.43  .35  2.87         1.02  5.46 

August .27  I      2.73  I        .32  ,      2.75  .30  3.17           .63  6.09 


The  second  column  in  each  case  shows  the  water  held  in  the  inter- 
stices of  the  soil.  The  removal  of  this  from  the  soil  is  not  necessarily 
harmful  to  vegetation,  but,  on  the  contrary,  is,  to  a  certain  extent, 
necessary,  and  the  farmer  constructs  underdrains  in  order  to  get  rid 
of  it  to  a  depth  of  about  3  feet  from  the  surface,  the  crops  being  sup- 
plied mainly  by  the  water  held  in  the  soil  by  capillary  attraction.  The 
amount  of  water  which  may  be  held  in  the  soil  in  this  way,  however, 
is  dependent  upon  the  depth  of  the  free-ground  water  below  the  sur- 
face, by  which  we  mean  the  level  at  which  water  will  stand  in  an  oi>en 
pit  from  which  no  water  is  drawn.  If  this  ground  water  recedes  to 
too  low  a  level,  the  power  of  the  soil  to  hold  water  by  capillary  attrac- 
tion is  reduced.'  Of  course  it  must  be  remembered  that  the  above 
conditions  of  rainfall  are  merely  hy])othetical,  and  they  never  actually 
occur,  but,  as  will  be  seen  by  reference  to  the  last  two  tables  and  to  the 
tables  of  summer  rainfall  during  the  dry  years  which  we  have  already 
given,  the  rainfall  during  summer  very  frequently  falls  below  the  amount 
needed  to  equal  evaporation.  In  such  cases  there  is  a  still  further  dry- 
ing of  the  soil  by  evaporation  which  continues  persistently  in  its  work 
drawing  from  the  ground  water  when  rainfall  is  not  sufficient  to  satisfy 
its  demand:^.  If,  on  the  other  hand,  rainfall  is  greater  than  the  amount 
shown  nature  compensates  for  the  increase  and  i)revents  the  drying  out 
of  vegetation  by  an  increased  amount  of  drainage  from  the  soil  into  the 
streams;  that  is,  the  water  in  the  soil  and  subsoil  acts  Just  like  in  a 
sponge,  the  more  nearly  the  soil  is  saturated  the  larger  the  amount 
of  water  which  will  run  from  it.  The  condition  of  the  ground  water 
resulting  from  varied  co:iditions  of  rainfall  will  be  seen,  therefore,  to 
have  an  important  effect  upon  vegetation  and  the  growth  of  crops. 

We  may  get  an  idea  of  how  much  the  ground  water  may  be  drawn 
down  on  an  average  in  different  sections  of  the  State  without  injury  to 
vegetation  from  what  happens  during  the  average  year.  Our  measure 
of  the  depletion  of  the  ground  water  is,  in  each  case,  the  depth  of  rain 
in  inches  needed  to  refill  it.    The  greatest  depletion  during  the  growing 


*  U.  S.  Dept.  Agr.,  Weather  Bureau  Bui.  5,  i».  25. 
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months  is  shown'  to  bo,  for  the  difforont  repons,  as  follows:  Kitta- 
tinny  Valley  and  lii^rhlands,  1.1^3;  hmI  sandstone  ]»]aiiiy  2.2ii;  Hay  and 
marl  district,  .S.TS:  southern  interior,  4.<»G  inches.  These  aiv  average 
figures.  The  actual  amount  of  depletion  ranges  from  ])ractica]]y  noth- 
ing on  the  low  grounds  to  nearly  twice  these  amounts  on  the  ridges. 
The  next  table  shows  month  by  month  during  the  driest  year  likely  to 
occur  (1881),  the  amount  run  oti'in  the  streams,  the  rainfall,  the  excess 
or  delh'iency  of  rainfall,  meaning  by  this  the  amount  by  which  the  rain- 
fall exi'ceds  or  is  less  than  the  cond)ined  evaporation  and  run  oft'  of 
streams,  and  last,  the  total  deliciency  of  the  rainfall  to  the  end  of  the 
given  month,  these  last  amounts  re])res<Miting  the  depth  of  rain  in 
inch<»s  which  would  be  ne<'eRsary  to  refill  the  ground  with  water. 

Jiainfallf  rraporation  ^  run-off^  and  condition  of'  if  round  wnttr  durintj  drivt*t  }f*ar^  mcatitired 

in  inrhtM  of'  rainfall. 

KITTATINNV  VALLF.V   AND   HIGHLANDS. 

!  ~" 

\Wv.    Jjiii.    Kt'li.    Mur.     Ajir.    Mjiy.  Jiiih'.  .IuIv.     Aiij:.     Si-pt.      Ort,      No\ .    V«*«r. 

Kvaimmtion.    0.74     0.  .'w     0.fi«j     0.  TO  0.)*:i  2.  i:j  :{.  o7  '2.  HI  U.  .'.^       l.fil  l.  in  o.  76  17.75 

liiin-fti! \\.'.\\     :i.»i)    4.«i7    :«.«'7  1.  n»  .r,i>  ,»;:,  .-ii  ,17        .u  .i:i  .l-o  iff. 82 

Kaiuttill 4.uri     H.Crfi     4.76     'S.>^^  .«H  1'.  71  W.Wl  .tN'i  1  1^        .!)4  ::.01  L'.tri  :ii.«a 

Siir)>lus  ;  or 

di'tioit-- -l.:rj  -.02  .  .  i:.  ^.i-j  -i.:,7—  .^*l  1.7«t  t  1<'«  -2.94 

to   cimI  of 

month l.rj'J     1.34  -1.11*       :».ll        4.t»K       .V  7»       4.<«i       'J.!»4    


1 
I 

I  Siir|>lns     or 


Kvuporalioii.    0.  H7     0,67 
Kmiort" :i,  IK     2.PW 


KKJ)  SANDSTONK  PLAIN. 

0.  K2    0.  !H)  0.  <iM    2.  :>:{  :(.  r.i  :i.  4.'i  :i.  ut;  t.wi  i.:ii)      M*o    21.09 

:i,!U    iMKj  ,  i.:io     ..ii4  .47  .24  .  H'.  .\^^  .  n;       .ifl    iff.s5 

Kaiiit'iill 4.U5     ::,06     4.76     3.h:(  ,4il      2,71  ::.  K7  .  Oii  1.  IH  .'.tl  :!.(»!        2.n2     3L63 

I  I 

<Mlr)l     ■ 1.67    —.10  ..24  -2.7;i  lAW  -1.12  l..V.»     \    .  1«    -r..« 

Total  (Icflrit  .  I 

to    cihI   of  I 

iiioiith '  l.«7     2.07  2.31  .'..04  7.  os  h  2o       r..(;i       o.  cr,    

<:LAV  ANJ)  MARL  DISTUirT  AND  SOCTIIKliN   IN  TKKKHi. 

Kv:iiMinitioii.    0. 9:»     0.73     O.SJ)     0.  W  1.06;  2. 7r»     3.96  3.7:i  3.:;:;  2.07  1.  M        O.I»7     22.«l 

iJiiii-olI  3.10     2,  H3      3.  H7     2.  K5  1.46'     .01  .  M  .46  .  :jo  .30  ..to          .30     17,62 

Kainnill 4.o:>     3.  (Mi     4.76     3. 8:t  .61,2.71  3.M7  .IM}  MM  .  !M  ::.  04       2.  o2     31.63 


,  SiirpliiN  j  or 

dHlrit--.. 
!  Total  (li-firit 

'  I  to  end   of 


I 
—1.91      -.03    -.93    "3.2ri    -2.4.'>    -I.I.J       1.33    -}-.7.'.    -8.84 


month 1.01,2.86     3.79       7.04       9.49     10.02       0.  f.O       H.H4 


NoTK.     TIi<*(]nantiti«'Hn>|>n'Hcntiii;;  tlii^  ti>tiil  il«>fli'it  at  the  cmlof  auivfn  month  nhuw  hi>w  niiirhruln 
or  \vat<*r  «>f  irrigation  would  Im*  iici'ilcd  to  n'tiU  tlio  jcroiind. 

j  I  It  will  be  iiotiecnl  that  the  riin-oJf  of  the  streams  is  greater  for  the 

,  I  southern  than  for  the  northern  sections  of  the  State*,  the  reason  for  tiiis 

I  being  that  the  soil  is  sandy  or  gravelly  and  contains  more  water  in  a 

I"  given  volume  than  the  closer  soils  of  the  northern  portion  of  the  State, 

I  and  also  gives  uj)  the  watt*r  more  freely  to  the  streams.     We  have 

'  J  *  Kcport  oil  Water  »S»ppJy,  (Ecological  Siirvoy  of  New  Jersey,  1894,  p.  341. 
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selected  in  each  case  the  best  ty]>o  of  each  section,  but  it  mast  be 
remembered  that  there  are  minor  dififerences  for  dififerent  parts  of  the 
given  section — that  is,  parts  of  the  Kittatiuny  -Valley  and  highlands 
which  have  a  large  amount  of  sand  and  gravel  over  their  surface  will 
also  show  a  larger  run-oflfinto  the  streams,  and  a  greater  lowering  of 
ground  water  than  is  shown  by  the  table.  It  will  also  be  noticed  that, 
while  the  rainfall  is  taken  to  be  the  same  for  all  parts  of  the  State, 
evaporation  increases  for  the  different  sections  because  of  increased 
temperature,  and  the  combined  effect  of  greater  evaporation  and  greater 
drainage  into  the  streams  is  a  very  much  greater  lowering  of  the  ground 
water  in  the  southern  portions  of  the  State,  an<l  this  affords  a  still  better 
explanation  of  the  greater  severity  of  droughts  in  those  portions  of  the 
State. 

The  inspection  of  the  table  shows  that  by  the  end  of  August  the  fol- 
lowing amounts  of  rain  would  be  needed  in  tliis  driest  year  to  retill  the 
ground  water:  Kittatinny  Valley  and  the  highlands  4.98,  red  sandstone 
plain  7.08,  and  clay  and  marl  district  and  southern  interior  9.49  inches. 

It  is  believed  to  be  due,  to  a  considerable  extent,  to  this  greater 
lowering  of  the  ground  water  that  sandy  and  gravelly  soil  such  as  that 
of  southern  Xew  Jersey  is  warmer  than  more  retentive  soils.  Many 
phenomena  connected  with  the  growth  of  crops  are  explained  by  this 
tracing  of  the  conditions  of  rainfall,  evaporation,  drainage  to  streams, 
and  height  of  the  ground  water  for  different  sections.  An  important 
fact  to  be  kept  in  view  is  that  the  result  of  irrigation  is  to  hold  the 
level  of  the  ground  water  at  a  more  nearly  constant  height,  and  in  con- 
sequence of  this  there  will  be  a  somewhat  increased  discharge  of  water 
from  the  subsoil  to  the  streams.  We  have,  c<m8equently,  to  supply 
not  merely  the  water  demanded  by  the  plants  but  this  additional  run- 
oft*  from  the  soil.  This  increased  porosity  of  ^andy  soils  and  readier 
discharge  therefrom  is  not,  however,  to  be  regarded  as  an  unfavorable 
condition  to  irrigation.  On  the  contrary,  it  insures  good  drainage  and 
prevents  the  presence  of  stagnant  water  in  th*3  ground  in  case  of 
excessive  watering,  which  is  sometimes  so  hurtful  to  irrigated  crops. 

AMOUNT   OF   WATER   NKCESSABY. 

Knowing  that  our  average  rainfall  represents  conditions  very  favor- 
able to  good  crops,  this  affords  a  simi)le  standard  by  which  we  can 
determine  how  much  water  will  be  necessary  for  irrigation  in  the 
various  sections  of  the  State,  for  we  may  safely  assume  that  it  will  be 
the  difference  between  the  average  for  each  section,  and  the  lowest  rain- 
fall for  the  various  periods  as  shown  by  table,  page  29.  In  this  table 
we  find  the  lowest  amount  of  rain  from  April  to  August  is  9.33  inches, 
and  by  seasons  the  lowest  for  the  spring  is  5.23  inches,  and  for  the 
summer,  4.G2  inches.  For  the  driest  month  the  rainfall  is  only  a  frac- 
tion of  an  inch,  and  we  may  safely  assume  that  yt^  mWVkaN^X.^  Y\«s\^^ 
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a  quantity  equal  to  4  inches  of  rainfall  for  at  least  one  month  during 
certain  years.    This  gives  us  the  followinj^  estimate  of  water  required: 

Quantity  of  water  required  for  irrigation  mta^ured  in  inches  of  rainfall. 


I>ri«fit 
April  tf 

AUJ(UMt. 


*  rr.!l„V   '  Hummer,    month. 

I 


7.73 

4.00 

8.24 

4.00 

8.80 

4.U0 

H.M 

4.00 

Kittationy  Vnlloj'  and  liiKhlamlM 10. 42 

Kwl  HandNtoDo  plain U.  20 

Clav  and  marl  reicionH 11.  TH 

Snutbcrn  iiiU'rior 12. 'U 

We  find,  therefore,  that  for  the  whole  growing  season  we  shall  have  to 
provide  in  southern  New  Jersey  practically  tlie  eiiuivalent  of  12  inches 
in  depth  of  rainfall,  and  that  our  works  nnist  be  so  proporticmed  as  to 
be  able  to  deliver  during  one  month  the  equivalent  of  4  iii<*hes.  The 
latter  may  be  taken  as  the  recpiired  cai»acity  of  the  <'anals  and  ditc*be8 
or  other  means  of  conveying  the  water,  while  the  c[uantities  in  the  first 
coliiinn  represent  the  total  amount  of  water  whi<*h  must  be  provided. 
For  very  much  of  the  time  this  will  be  more  than  is  actually  needed,  but 
irrigation  works,  to  be  satisfactory  and  successful,  shouM  be  <'apabloof 
meeting  the  driest  po.ssible  conditions.  At  4  inches  j)cr  month  the 
duty  of  water,  as  it  is  called,  or  the  require<l  rate  at  which  the  water 
must  be  furnished, is  (>..">5  cubic  foot  ])cr  se<'ond  for  ea<h  hundred  aci*eA. 
As  it  lias  been  found  in  i.^alifoinia,  with  a  temperature  considerably 
higher  than  that  of  New  Jersey  and  a  lighter  rainfall,  that  the  require- 
ments are  met  by  1  cubic^  foot  per  st^cond  for  ea<'h  2(10  jicres,  which  is 
very  close  to  the  above  estimate,  this  may  be  adoj)ted  as  the  proper 
average  dutv  for  southern  New  .Ierst*v.  We  have  found  that  the 
streams ')f  southern  New  Jersey  may  be  depended  ui>on  in  the  driest 
month  to  discharge  0.25  cubic  foot  i)er  second  for  each  siiuare  mileof 
catchment,  and  it  follows  that  without  storing  water  we  may  draw  from 
these  streams  enough  water  to  irrigate  50  acres  of  land  for  eiwh  square 
mile  of  gathering  ground  on  the  stream. 

ST()UA(iK   OF    WATER. 

In  cases  where  it  is  pra^'ticable  to  construct  storage  reservcurs  to 
utilize  the  yield  of  the  stream  during  the  wet  seasrni  for  irrigation  ]mr- 
poses  a  nundi  larger  area  can  be  watered  by  a  given  stream.  Our  inves- 
tigations in  southern  New  ,Iersey  show  that  we  can  always  utilize  12 
inches  of  rainfall,  even  in  th(»  driest  year,  but  in  order  to  make  this 
amount  available  during  the  growing  months  from  April  to  August 
we  shall  have  to  provide  storage  at  the  rate  of  122,000,(MK)  gallons  for 
each  square  mile  of  catchment.  As  we  need  just  12  inches  tlepth  of 
water  for  irrigation  puri)oses,  it  follows  that  with  this  amount  of  stor- 
age a  stream*  would  furnish  enough  water  to  irrigate  an  area  equal 
to  its  catchment.  The  cost  of  st(ning  water  varies  considerably  with 
the  locality,  and  is  great  for  snudl  amounts  and  less  for  works  on  a 
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large  scale,  but  for  our  present  purposes  we  may  take  the  cost  to 
be  $150  i)er  milliou  gallons,  making  the  cost  of  the  above  122,000,000 
gallons  $18,.*300,  a  charge  on  040  acres  amounting  to  $28.00  per  acre, 
which  is  evidently  too  high  a  cost  for  storage  alone.  To  utilize  G  inches 
of  rainfall  on  the  catchment,  we  shall  need  30,000,000  gallons  storage 
for  each  square  mile,  costing  $5,400,  and  this  would  serve  to  irrigate 
one-half  a  square  mile,  or  320  acres,  making  the  cost  $10.88  per  acre  for 
storage.  To  utilize  3  inches  of  rainfall  on  the  catchment  during  the 
growing  months,  we  shall  need  17,000,000  gallons  of  storage  for  each 
square  mile  of  catchment,  costing  $2,550,  and  this  would  irrigate  160 
acres,  making  the  cost  about  $10  per  acre,  and  it  will  be  seen  that  we 
must  be  i)repared  to  exx)end  about  this  amount  if  storage  is  attempted 
at  all.  The  question  must  be  decided  however,  for  each  case;  conse- 
quently in  making  up  our  estimates  of  the  ultimate  capacity  of  various 
streams  for  irrigation  purjwses  we  have  taken  an  area  equal  to  the 
catchment  of  the  stream. 

SEEPAGE,  OR  RETURN  WATER. 

We  have  already  seen  that  a  considerable  i)art  of  the  rainfall  flows 
oflFiu  streams,  and  fn  our  table  of  flow  from  springs  we  find  that  with- 
out any  additions  from  rainfall  the  soil  will  yield  up  as  seepage, 
during  the  five  growing  months,  a  quantity  of  water  equal  to  from  2f 
to  0  inches  of  rainfall  in  various  parts  of  the  State,  the  latter  amount 
being  that  given  up  by  the  sandy  soils  of  southern  New  Jersey.  The 
rate  at  which  this  water  is  discharged  depends  on  the  amount  held 
in  the  soil  or  the  height  at  which  the  ground  water  is  maintained,  as 
shown  by  the  table.  Since  the  puri)ose  of  irrigation  is  to  maintain 
ground  water  at  a  higher  elevation  than  it  would  otherwise  stand,  it 
follows  that  the  amount  of  this  seepage  or  yield  from  springs  to  the 
streams  would  be  increased  thereby.  During  the  average  year  we 
find '  that  the  ground  water  is  drawn  upon  or  depleted  from  April  to 
August,  an  average  of  2.32  inches  on  the  coast  streams  of  southern 
New  Jersey,  whereas  during  the  driest  year  it  is  depleti'd  to  an 
average  of  5.82  inches.  Now,  if  we  assume  that  by  irrigation  the 
ground  water  will  be  maintained  in  the  condition  of  an  average  year, 
the  flow  of  seepage  or  spring  water  will  be  increased  from  that  due 
to  5.82  inches  depletion  to  the  amount  due  to  only  2.32  inches  deple- 
tion. It  has  been  shown  ^  for  the  Great  Egg  Harbor  and  Batsto 
catchments  that  for  any  given  depletion  2.32  inches  depletion  corre- 
sponds to  a  yield  of  1.40  inches  per  month  and  5.82  inches  depletion  to 
a  yield  of  0.8  inch  per  month.  Therefore  we  have  an  excess  amounting 
to  0.0  inch  jier  month  of  seepage  water  due  to  irrigation  on  this  assump- 
tion. We  may  check  this  by  taking  into  account  the  yield  of  these 
southern  streams  for  the  average  and  the  driest  year.^    From  April  to 


•  Report  ou  Water  Supply,. (ieological  Survey  of  New  Jersey,  1894,  p.  341. 
Mbitl.,  p.  126. 
3  Ibid.,  p.  266. 
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August  this  yiold  amounts  to  8.37  iiurhes  for  the  averagA  and  •*»  inclies 
for  the  driest  yeur,  showing  an  excess  for  the*  average  year  of  3.37  inches 
during  the  five  months,  or  0.07  iiu'h  per  month,  agreeing  sufliciently 
well  with  our  previous  estimate.  It  therefore  apijears  that  if  we  used 
for  irrigation  an  amount  of  water  equal  to  12  inches  of  rainfall,  3  inches 
will  be  returned  as  seepage  water,  or  25  per  cent  of  the  total  amount 
diverted  from  the  stream.  This  estimate,  arrived  at  from  observations 
of  the  yield  of  the  streams,  agrees  well  with  results  obtained  by  some 
actual  gauging  of  streams  in  irrigated  sectiims  of  Colorado.' 

The  actual  amount  of  seepage  or  return  water  will  probably  exceed 
this  estimate  somewhat,  frcmi  the  fact  that  ground  water  will  be  usually 
held  at  a  little  higher  level,  but  we  are  disposed  to  think  that  very 
much  increase  in  height  would  be  rather  detrimental  to  crops  than 
otherwise.  There  is  a  tendency,  where  irrigation  is  applied,  to  use  too 
much  water.  As  we  have  previously  stated,  the  drawing  down  of 
ground  water  to  a  certain  extent  is  necessjiry  for  the  proper  develop- 
ment and  perfection  of  the  crop,  (iood  drainage  is  very  essential  to 
successful  irrigation.  The  pn^sence  of  free  ground  water  about  the 
roots  of  plants  prevents  the  proper  irrigation  and  conse^pient  oxidation 
of  the  elements  of  the  soil  necessary  for  jdant  growth,  and  it  also  pro- 
duces a  cold  and  late  soil. 

The  amount  of  this  seepage  or  return  watc»r  should  have  an  important 
bearing  on  the  question  of  damages  for  the  «li version  of  water  in  all 
cases  where  such  seepage  water  returns  to  the  stream  fiom  which  the 
irrigation  water  has  been  diverted.  It  will  almost  invariably  return  to 
the  same  stream  when  the  irrigated  district  lies  within  the  catchment 
of  that  stream. 

COST   OF   IRRKJATION. 

The  following  figur€*s  given  by  F.  II.  Newell-,  ]»ertain  to  the  western 
part  of  the  United  States,  wiiere  irrigation  is  succcsstnlly  practiced. 

Coni  of  irrhjation  in  the  western  f'nitrd  iHfttrM. 


CoHt  of  Irrigation  workn i 

Valuo  of  water  riKlitn 

Annual  rout 

CoBt  of  bringing  laud  under  culti  vat  ion 
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The  first  ligures  given  above  represent  the  cost  of  bringing  the  water 
to  the  land,  while  the  next  bel(»w  rei)resent  the  value  of  such  water 
after  it  has  been  secured,  and  subtracting  the  first  from  the  second  we 

>  Colorado  Sta.  Hnl.  33. 

'^Kepoit  on  Agriculture  l»y  Irrigation  in  tb«  wrMti-rn  part  of  tin^  ruiteil  Staten. 
Eleventh  Census,  p.  8. 
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find  an  aver^go  profit  by  irrigation  of  $17.85  per  acre  from  enhanced 
value  of  laud  taken  together  with  the  water  rights.  The  annual  cost  is 
either  that  of  maiutaining  the  works,  or  is  the  annual  rental  paid  for  the 
use  of  water  when  furnished  by  a  corporation,  while  the  cost  of  bring- 
ing land  under  cultivation  includes  clearing  and  leveling  up  to  receive 
water.  In  California  irrigation  is  applied  to  orchards,  vineyards,  small 
fruits,  and  other  more  valuable  crops,  so  that  the  figures  for  that  State 
are  a  better  guide  to  us  in  New  Jersey  than  the  average  of  the  whole. 
In  the  table,  page  32,  we  showed  that  irrigation  might  easily  yield  an 
improvement  of  about  $10  per  acre  in  the  potato  crop,  but  we  should 
here  remark  that  of  late  years  the  hay  crop  in  New  Jersey  has  been  a 
valuable  one,  and  the  very  moderate  improvement  of  1  ton  per  acre  in 
this  crop  would  yield  a  larger  return  than  $10  annually.  Indeed,  the 
raising  of  hay  and  forage  crops  by  this  means  would  be  of  great 
advantage  to  portions  of  southern  New  Jersey,  where  they  are  now 
grown  with  much  diflQculty.  Taking  G  per  cent  on  the  above  figures  of 
first  cost  of  works  for  California,  we  have  for  interest  78  cents,  which 
added  to  the  annual  cost  makes  $2.38  annual  charge  per  acre,  to  which 
we  must  add  the  extra  labor  of  applying  the  water,  or  of  irrigation 
farming  over  dry  farming.  The  latter  cost  will  depend  largely  on  the 
crop,  but  may  be  averaged  at  about  $0  a  season,  making  a  total 
increased  cost  chargeable  to  irrigation  of  $8.38  on  the  California  basis. 
As  the  conditions  in  southern  New  Jersey  are  generally  favorable  to 
low  cost  of  irrigation  by  means  of  canals  and  ditches,  on  account  of  the 
character  of  the  soil  and  the  gentle  and  uniform  slopes,  there  is  no 
reason  why  the  average  cost  should  exceed  the  above  estimate,  and  in 
many  favorable  localities  it  will  be  considerably  less.  Where  there  are 
valuable  water  powers  this  will  add  appreciably  to  the  cost  of  irriga- 
tion and  will  make  it  almost  impossible  to  carry  out  a  profitable  scheme, 
except  it  be  done  on  a  large  scale.  For  illustration,  if  Maurice  River 
should  be  fully  utilized  for  irrigation  it  would  water,  without  storage, 
19,300  acres,  and  with  storage  about  250,000  acres.  The  cost  of  extin- 
guishing the  rights  of  water-power  owners  would  probably  amount  to 
not  less  than  $20  per  acre  on  the  smaller  area  and  about  $1.50  per 
acre  on  the  larger  area.  This  difficulty  would  generally  be  much  less 
serious  than  in  this  case,  however,  although  it  would  frequently  be 
encountered.  It  must  be  remembered,  in  considering  this  question,  that 
we  are  very  conservative  in  our  estimates  as  to  the  area  which  may  be 
watered  by  these  streams,  from  the  fact  that  we  have  thought  it  well 
lor  the  ])resent  not  to  take  in  consideration  the  large  amount  of  the 
seepage  water  returned  to  the  stream.  Those  who  have  followed  our 
discussion  of  the  irrigation  water  required  by  soils  have  observed  that 
a  considerable  i)art  of  it  is  needed  to  make  good  the  flow  from  springs 
which  drain  the  water  out  of  the  soil.  This  water,  of  course,  returns 
to  the  streams,  and  may  be  used  over  again,  although  we  have  not 
taken  it  into  accx)unt. 
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AREAS   CAPABLE   OF   IiEIN(r    WATERED   UY   GRAVITY. 

The  following  areas  in  southern  New  Jersey  are  ea])ab]e  of  ]>eing 
brought  under  water  and  supplied  by  gravity  through  dit^rhes  and 
canals : 

Metedeeonk  Kiver  in  Ocean  (.'ounty  is  cai)able  of  watering  .'i,7(M>  acres 
without  and  47,(>(K)  acres  with  storage.  All  of  this  land,  favorably 
located  and  having  a  soil  well  adapted  to  the  jiurpose,  may  be  found 
to  the  south  and  east  of  Burrsville.  The  water  rights  inteifen^d  with 
in  this  case  would  not  be  so  imiM)rtaiit  as  to  be  a  serious  obstacle. 

Toms  lliver  in  Oceiin  County  would  water  S,2(H>  acres  without 
and  105,000  acres  with  storage.  This  water  could  be  applicHl  to  vari- 
ous strips  of  land  along  the  stream  and  its  branches,  although,  on 
the  whole,  the  topographical  conditions  are  less  favorable  than  on  the 
Metedeeonk. 

The  waters  of  Cedar  Creek  and  Forked  lliver  will  sntlice  to  irrigate 
3,500  acrc»s  without  and  45,000  acres  with  st4)rage.  They  could  l>o  ap- 
plied to  good  lands  in  sullieient  amount  and  favorably  located  between 
Waretown  and  Harnegat  Park  along  the  bay  shore.  Mill  Creek,  West 
Creek,  and  Tuckerton  ('reek,  in  Ocean  and  Hurlington  counties,  will 
water  2,500  a<*res  without  and  .*5li,(iOl)  acres  with  storage.  These  also 
could  be  n8e<l  on  good  lands  favorably  hitnated  near  Manahawken, 
West  ('reek,  and  Tuckerton.  Wading  Kiver  is  capable  of  watering 
9,0(M>  acres  without  and  1 15,000  acres  with  storage.  Lands  well  adaptetl 
for  the  purpose  jire  found  about  New  (Iretna,  llarrisville,  and  (ireen 
Hank,  witli  some  snialh'r  iireas  along  the  n])per  stream  and  its  branches. 

Mullica  Uiver  above  Hatsto  will  furnish  sntlicient  water  to  irrigate 
11,0(M)  acres  without  and  IMMMM)  acres  with  storage.  The  watershed 
of  this  str(»am  is  almost  level  in  a  din^ction  almost  tnins verse  to  the 
course  of  the  stieams,  and  sh)pes  with  the  streams  at  tli(»  rate  of  about 
5  feet  to  the  mile.  A  large  area  of  sandy  land  could  e;isily  be  brought 
under  water  lying  between  Hatsto,  llammonton,  and  Atsion.  This 
land  is  at  present  mainly  waste  lan<l. 

(Ireat  Kf^ia  Harbor  lliver  will  furnish  water  for  15,(MM)  acres  without 
and  102,000  acres  w-ith  storage.  The  water  c<mhl  be  used  on  a  belt  of 
land  along  the  stream  between  New  (iermany  and  Mays  Landing,  most 
of  which  is  wild  land;  also  on  a  strip  along  eadi  bank  behnv  Mays 
Landing,  that  along  the  west  bank  between  the  higliwjiy  from  Mays 
Landing  to  Tuckahoe  and  the  salt  marsh  being  (juitc  favorable  for  the 
l)ur])0se,  and  including  some  areas  now  under  cultivation.  An  impor- 
tant water  power  at  Mays  Landing  w<»uhl  be  affecte<l  by  any  extensive 
irrigation  works,  but  along  the  west  bank  between  Mays  Landing  and 
Tuckahoe  considerable  develoinnent  could  be  made  by  utilizing  South 
River  and  Stephens  ('reek  without  affecting  any  valuable  water  |Kiwer. 
The  same  is  true  of  Babcocks  Creek  at  Mays  lianding. 

Tuckahoe  Kiver  is  sufficient  to  water  2,500  acres  without  and  .*i2,(K)0 
acres  with  storage,  and  land  well  adapted  for  the  purpose,  a  consider- 


43 

able  part  bein§r  already  under  cultivation,  is  found  along  both  banks  of 
the  river  between  Hunters  Mill  and  Tuckahoe. 

The  streams  of  Cape  May  County  are  not  adapted  for  gravity  irriga- 
tion except  in  a  limited  way.  31anumuskin  and  Manantico  creeks 
would  together  furnish  water  for  3,500  acres  without  and  44,000  acres 
with  storage.  They  could  easily  be  made  to  water  all  of  the  land 
between  the  West  Jersey  Railroad  and  Maurice  River,  extending  from 
Millville  to  Port  Elizabeth,  and  Manantico  Creek,  especially',  affords  au 
opportunity  for  an  irrigation  development  on  a  considerable  scale  with- 
out interfering  with  any  water  rights,  all  the  mills  on  the  stream  being 
now  aband<med. 

Mauri(re  River  above  Mays  Landing  is  capable  of  watering  about 
11,000  acres  without  and  170,000  acres  with  storage.  The  water  would 
have  to  be  applied  to  lands  lying  along  both  banks  of  the  river  and  its 
branches,*  and  generally  not  more  than  30  feet  higher  than  the  stream. 
Not  much  of  this  land  is  now  under  cultivation,  although  there  is  some 
on  the  west  branch  between  Union  Grove  and  Bradway. 

On  the  Atlantic  coast  of  southern  New  Jersey  the  ab<ive- mentioned 
streams*  ofler  good  ftwilities  for  irrigation  by  gravity,  but  the  streams 
on  the  Delaware  slope  of  the  State  do  not  i»rese:it  such  favorable  topo- 
graphical conditions.  For  the  most  ])art  these  streams  run  at  low  level 
through  ravines  with  ilat  bottoms  and  rather  steep  banks,  so  that  the 
water  could  only  be  brought  out  on  the  neighboring  lands  by  means  of 
low  canals  from  points  so  high  on  the  streams  that  the  drainage  area  is 
small  and  insufficient  to  furnish  any  large  amount  of  water.  This 
country  ahmg  the  lower  Delaware,  however,  contains  some  fertile  lands, 
and  it  is  the  region  of  the  lightest  rainfall  and  severest  droughts  in 
the  State;  consequently  it  is  i)robable  that  nowhere  else  would  irriga- 
tion bo  more  profitable. 

Cohansey  Creek  above  Bridgeton  would  water  2,250  acres  without 
and  28,000  acres  with  storage,  but  the  topographical  conditions  are 
very  unfavorable  for  gravity  systems.  We  shall  see  later  how  the 
waters  of  this  creek  may  be  used  advantageously  by  pumping.  Salem 
Creek,  at  Sharptown,  if  diverted  at  about  50  feet  elevation,  could  be 
made  to  water  1,000  acres  without  and  14,000  iMjres  with  storage.  This 
water  could  be  used  profitably  on  fertile  lands  now  under  cultivation 
in  Upper  Penns  Neck  and  the  west  part  of  Mannington  Township. 

Alio  ways,  Oldmans,  Raccoon,  Timber,  and  Coopers  creeks  are  open 
to  the  objections  which  we  have  i)ointed  out  as  peculiar  to  streams 
of  the  Delaware  slope,  and  are  not  well  adapted  for  gravity  systems  of 
irrigation. 

Rancocas  Creek  above  the  forks  will  water  15,000  acres  without  and 
192.000  acres  with  storage,  but  there  is  a  considerable  amount  of  valu- 
able water  power  w  hich  would  be  affected.  The  water  could  be  applied 
to  land  distributed  along  the  stream  in  Pemberton,  Lumberton,  East 
Hampton,  and  South  Hampton  townshii)s,  Burlington  County^  moat  o€ 
these  lands  being  now  under  iu\tivat\o\\. 


f  Cposawk'ks  Creek  is  ni>l  well  :iil;i|itr(I  t<i  n  Kr^vity  8y«f«'in  of 
igfttion. 

Some  .'j.lWU  atTi's  of  level  gravelly  liiitdH  eiist  ami  nortUeaat  of  Ti 
tou,  ami  umler  IM)  li.-«t  elevation,  i-oulil  ha  watered  by  the  liend 
of  Asaanpiok  Creek. 

Tbis  brief  review  of  the  [tossibilities  of  gravity  irrigation  in  mnitli- 
ern  New  Jersey  eliows  ua  that  T5,0(K)  acres  can  reiulily  be  watereil  ivitb- 
out  tlie  use  of  stflfagi*  reservoirs,  anil  over  900,0(K)  aeres  if  the  strearaa 
are  fully  utilized  hy  storage.  We  have  seen,  however,  that  the  cost  of 
anch  storage  would  scarcely  be  warranted,  but  ve  nmy  consider  that 
the  watering  of  ^WjOOO  acres  of  the  areas  which  we  have  indicated  is 
entirely  inactit-able.  Most  of  this  land  is  ou  the  Atlaiitio  Slope,  and 
ver;\- little  of  it  ia  nownnder  cultivation.  Kxeluaiveof  storage  charges, 
it  could  generally  be  irrigated  at  a  cost  within  the  figures  already  givt^ii 
for  California,  or,  say,  within  an  annual  charge  of  $8  per  acre.  If  this 
area  conid  be  snccessfully  brought  under  cultivation  by  this  means  it 
would  add  10  per  cent  to  the  total  cultivated  area  of  the  State,  uiid 
Iti'obftbly  from  20  to  25  per  cent  to  the  value  of  its  agricultural  pro<l- 
ncta.  Several  of  the  districts  meutiotied  offer  e-fcellent  opporluuities 
for  a  beginning  on  comparatively  a  small  scale,  and  in  such  a  manner 
that  ultimately  the  development  could  be  extendeil  to  the  full  capacity 
of  the  stream.  We  must  rei'ogni/e  the  fact  that  the  l)enetits  to  bo 
derived  from  irrigation  must  first  be  demonstrated  by  works  ou  a  lim- 
ited scale,  although  the  highest  etticieiicy  and  the  largest  amount  of 
profit  will  be  realized  by  a  large  scale  of  development.  Generally  the 
soil  of  these  tnicts,  and  the  contiguratiou  of  the  surface  are  very  favor- 
able to  the  purftose,  and  a  large  part  of  the  land  could  be  acquired 
a,  low  cost.  The  conditions  are  peeuliarly  favorable  for  market 
ing  and  the  raising  of  fruit. 

In  the  northern  part  of  the  Stiite  the  peed  of  irrigation  is  soi 
felt  quite  severely  on  tiie  red  sandstone  plain,  but  to  a  much  less  estent 
in  the  Kittatinny  Valley  and  highlands.  The  water  could  almost  always 
be  applied  on  this  part  of  the  State  by  {iravity,  but  water  rights  are 
more  valuable  here,  so  that  it  is  scarcely  probable  that  irrigation  will 
beextensively  adopted  for  general  farming,  although  it  maybe  for  special 
crops. 

We  shall  not  undertake  for  the  present  to  extend  our  mention  of 
thesespeciticcascs  suitable  for  gravity  systems  of  irrigation  into  north, 
ern  New  Jersey.  There  are,  however,  quite  a  number  of  cases  where 
irrigation  could  be  used  profitably  in  these  [Ktrtions  of  the  State.  Con- 
siderable areas,  sucli  as  Pompton  Plains  and  otliei  fertile  imrtions  of 
the  Passaic  Valley  ofi'er  facilities  for  such  improvement. 

IRRlCATIllN   BY   I'UMPING.. 

While  irrigation  by  gravity  throngli  canals  and  ditches  is  a  simple 

and  wcll-trji'd  lucthod  ari<l  one  wliicli  usually  given  a  low  opciatiiig  I'ost, 
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tliore  arc  many  khsks  in  New  Jersey  wlii-re  tlio  Wiiter  coiilil  be  advaii- 
tageoiiHly  pumped.  There  am  large  fertile  ureas  in  Sali^tn  and  Glouces 
ter  counties  wliifh  can  not  be  watered  by  gravity,  but  wliicU  are  tra\"er8ed 
by  numerous  preeka,  where  itn  abundant  supply  of  water  can  be 
obtained  at  all  times.  Tlie  whole  area  is  also  boidered  by  the  Delaware 
River,  the  water  of  whieb,  down  to  the  head  of  the  bay,  is  usually  fresh 
eiinngh  to  be  used  for  this  jiurpose.  A  considerable  area  of  good  land 
along  the  cast  shore  of  Delaware  Bay  and  south  of  Cohausey  Creek  is 
similarly  sitnated.  Then,  again,  in  many  cases  the  cost  of  extinguish- 
ing water  rights  would  be  eliminated  by  pumping  from  the  lower  parts 
of  the  streams,  and  the  saving  thus  efl'ected  might  fnlly  coui]>eusate 
for  the  cost  of  pumping,  nut  to  speak  of  the  8a\-ing  in  construction  of 
long  main  tanals.  Pumping  could  be  iii>;)lied  in  the  districts  which  we 
have  meutionod,  either  to  raise  the  water  into  canuU  and  ditches,  tn 
be  distributed  by  the  ordinary  method,  in  which  case  pumping  would 
be  done  iuesi>tnsively  by  centrifugal  pnmps;  or  force  pumps  could  be 
used  and  the  water  distributed  under  pressure  through  a  network  of 
IHpes  tobe  laid  over  the  district  to  be  irrigated,  the  water  being  applied 
by  means  of  hose  from  a  number  of  conveniently  situated  hose  plugs. 
At  first  sight  this  seems  an  expensive  method,  but  it  bears  tlie  teat  of 
careful  estimuto,  and  has  very  great  advantages  where  it  is  iraiMJrtant 
to  economize  water  or  to  distribute  it  readily  and  conveniently,  as 
would  be  the  case  nhere  irrigation  is  employed  in  market  gardening 
and  in  orchards.  We  have  taken  for  the  puriKtse  of  an  estimate  an  area 
of  640  acres,  or,  say,  32  garden  plats  of  liO  acres  each,  the  water  being 
pumped  from  a  stream  and  distributed  by  means  of  pijies,  as  we  have 
suggested.  We  find  that  for  such  a  tra«:t  of  land  a  plant  of  the  best 
character  could  be  installed  for  $45,000.  or  about  $70  per  acre.  We 
also  estimate  that,  allowing  on  this  sum  I'l  jHtr  cent  interest  and  3  per 
cent  for  depreciations,  nil  expenses  of  operation,  including  the  watering 
dni-ing  a  season  of  one  hundred  days,  would  not  exceed  J15  )ier  acre. 
We  believe  that  good  returns  could  be  had  from  this  outlay  in  any  of 
the  districts  which  we  have  mentioned  as  favorable  to  the  application 
of  this  system.  The  cnst  of  this  system  per  acre  would  increase  with 
smaller  plats  than  C40  acres,  and  would  decrease  if  applied  on  a  larger 
scale.  It  is  probable,  however,  that  by  the  use  of  small  pumps  operated 
by  gasoline  engines,  which  could  be  operated  without  the  constant 
attendance  of  an  engineer,  the  system  could  bo  profitably  applied 
without  much  increase  of  cost  to  a  single  ordinary  farm.  For  smaller 
plants,  however,  such  as  are  likely  to  be  adopted  experimentally  dur- 
ing the  early  attempts  at  irrigation  in  the  State,  it  is  probable  that  a 
windmill  pumping  to  a  tank,  either  from  a  well  or  siream,  the  water 
to  be  distributed  fmra  the  tank  by  pipes,  would  be  the  most  practicable 
By  stem. 

We  shall  leiive  the  consideration  of  this  i[uestion  of  limited  or  experi- 
mental plants  for  considoratitm  in  a  later  paragraph  (p.  48\, 
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ARRAA    AI>APTEI»   TO    IKKKiATloX    IIY    ITMriNM;. 

The  followiiijj  areas  are  conspicuously  iulapted  for  sueh  an  extended 
Rysteni  of  irrigation  by  ]ninipin<;as  we  have  estimated  upon,  while  thojr 
are  not  favorably  situated  to  be  watered  by  ^rravity.  In  CnnilKMiand 
County,  south  of  ('ohansey  Creek  and  west  of  the  ( 'uniberland  and  Mau- 
riee  Kiver  1iailroad,near  Fairton  and  Cedarville,  some  l(»,(MK)aeres  oouki 
be  thus  irrigated.  The  water  Utv  this  i)urpos(»  could  be  obtained  from 
Cobansey  Creek.  The  soil  is  ;rood,  and  most  of  this  district  is  now  under 
cultivati<ni.  Some  ."iOO  or  000  a<*res  between  Cohansey  and  Stow  creeks 
in  the  same  county  could  be  watered  partially  by  pum])in;^  and  partially 
by  gravity.  The  whole  of  the  western  portion  of  Salem  County,  extend- 
ing ()  miles  or  more  back  from  the  Delaware  River  and  including  some 
80,0(K)a<'res  of  fertile  land,  most  of  which  is  now  under  cultivation,  is  well 
adapted  fi»r  irrigation  by  this  method.  In  (lloucester  County  about 
40,000  acres  along  the  Delaware  and  its  bran<*hes  could  be  watered. 
In  Camden  County  about  12,(M)0  acres,  and  in  lUirlington  C(Uinty25,(NK) 
acres  are  suitable  for  this  treatment.  Then*  is  also  some  hind  b(»tween 
Red  Rank  and  Colts  Xeck,  in  Monmouth  County,  wlii<*li  couhl  be  watered 
from  Swimming  River.  A  total  of  at  least  IT.lJMM)  acres  of  g<KMl  land, 
mostly  under  cultivation,  in  the  counties  named,  is  a<lai)ted  for  irri- 
gation by  ]mmping  either  into  irrigation  canals  in  the  more  usual  way, 
or  into  pressure  pipes,  as  we  have  suggested.  Most  of  this  land  lies 
convenient  to  tidal  creeks  and  rivers  whost*  waters  are  fresh  or  oidy 
slightly  brackish.  The  wati^rs  of  many  of  these  creeks  also  carry  a 
very  considerable  amcaint  of  rich  sediment,  and  would  undoubtedly 
have  a  marked  fertilizing  tendency. 

IRRKIATION    nV    WKLI.S. 

As  is  now  well  known,  southern  New  .Icrsev  affords  an  excellent  Held 
for  obtaining  water  su])ply  from  tube  wells.  An  examination  of  a  con- 
Biderable  number  of  wells  in<licates  that  it  is  fair  to  ex]>ect  from  a 
Oinch  well,  from  100  to  2(M)  feet  deep,  a  yield  of  25,000  gallons  daily,  or 
Municient  to  irrigate  10  acres  of  land.  This  is  jmrjiosely  conservative, 
and  wc  are  well  awarcs  that  there  arc  a  number  of  wells  which  would 
be  ample  for  20  acres.  Of  course  this  method  of  irrigation  means  that 
we  must  i)unii)  by  windmill  or  other  i)ower,  and  in  order  to  use  the 
water  economically  it  should  be  applied  by  jiipe  distribution  under 
pressure.  This  well  water  may  have  the  disadvantage  (»f  a  lower  tem- 
I)eratun»,  which  could  be  partially  remedie<l  by  storing  in  a  tank,  and 
may  not  have  all  the  fertilizing  properties  of  stream  water,  but  tin* 
method  allows  the  entire  plant  to  be  coiitined  to  the  limits  of  a  small 
farm  without  risk  of  damage  to  water  rights  or  otherwise.  There  are 
also  many  cases  where  a  nund>er  of  small  driven  wells  of  moderate  depth, 
say  15  or  20  feet,  would  answer  the  j)uri)ose  better  than  tube  wells.  It 
is  impossible  to  make  any  estimate  of  how  mmrh  laud  may  be  irrigated 
iu  this  way,  but  the  aggregate  may  be  large. 
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WARPING. 


This  i)roce8s,  which  properly  comes  under  the  head  of  irrigation,  is 
applicable  to  tidal  meadows  which  have  been  reclaimed,  and  is  a  proc- 
ess not  unknown  in  Cumberland  and  Salem  counties,  where  it  has 
been  practiced  to  a  certain  extent  for  many  years.  It  is  a  well-known 
fact  that  tidal  meadows  which  have  been  embanked  and  improved 
generally  shrink  or  settle  to  a  level  considerably  below  the  level  of  high 
tide.  Some  of  the  older  embanked  meadows  in  the  State  range  from  2 
to  4J  feet  lower  than  high-tide  level.  This  gives  an  opportunity  for 
the  application  of  warping,  which  consists  in  letting  the  water  flow  in 
upon  the  embanked  land  to  deposit  its  sediment.  The  system  has  been 
carried  to  a  high  degree  of  perfection  in  some  portions  of  England, 
where  the  works  are  of  a  substantial  character  and  the  water  is  con- 
trolled by  permanent  sluices.  In  our  own  State  the  process  is  often 
eftected  by  simply  cutting  the  banks,  which  does  not  leave  the  farmer 
a  proper  control  of  the  water.  The  i)urpose  to  be  kept  in  view  in  this 
method  of  irrigation  is  to  secure  the  best  and  largest  part  of  the  sedi- 
ment contained  in  the  water  as  a  deposit  upon  the  land,  and  the  flow- 
ing and  running  off*  of  the  water  must  be  so  controlled  that  the  volume 
of  mud  deposit  has  an  opportunity  to  dry  between  tides.  The  result, 
when  properly  conducted,  is  to  secure  to  the  land  under  treatment  a 
new  soil,  and  the  accumulation  of  sediment  is  much  more  rapid  than 
would  commonly  be  supposed.  Ordinarily  one  year  will  suflSce  to 
entirely  renew  the  soil  of  such  a  tract.  The  area  of  tidal  meadow  which 
has  been  reclaimed  in  Gloucester,  Salem,  and  Cumberland  counties 
amounts  to  about  2G,(K)0  acres.  In  the  past  the  cultivation  of  these 
tracts  has  been  very  profitable,  but  during  recent  years  there  has  been 
a  tendency  to  neglect  them  somewhat,  a  fact  which  is  partly  due  to  the 
low  prices  of  agricultural  products;  but  while  the  very  large  returns 
of  the  past  may  not  be  again  obtained,  it  is  worth  while  to  consider 
whether,  even  under  present  conditions,  a  good  profit  is  not  possible  in 
cultivating  these  meadows,  and  whether  a  careful  application  of  the 
warping  process  would  not  be  a  means  to  this  end. 

WATER  MEADOWS. 

While  the  application  of  irrigation  will  probably  be  most  sought  by 
the  market  gardeners  and  producers  of  small  fruits,  it  seems  worth 
while,  in  view  of  the  general  scarcity  of  hay  and  pasturage  in  southern 
New  Jersey,  to  call  attention  to  the  possibilities  of  irrigation  in  pro- 
ducing hay  and  forage  crops.  The  application  of  irrigation  to  water 
meadows  in  England  is  well  known,  and  the  results  seem  to  have  been 
highly  satisfactory.  The  method  of  applying  the  water  does  not  differ 
materially  from  ditch  and  bed  work  irrigation  for  other  purposes,  but 
the  water  is  mainly  applied  through  the  winter  months  in  England, 
although  to  a  less  extent  throughout  the  year.    It  is  so  applied  as  to 
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protect  the  grass  from  the  effects  of  early  and  late  frosts,  thus  giving 
it  an  opiwrtunity  to  start  much  earlier  in  the  spring.  It  has  been  found 
possible  to  produce  on  each  acre  one  month's  grazing  for  from  thirty  to 
forty  head  of  sheep  in  the  spring,  and  after  that  2  or  more  tons  of  hay 
has  been  cut,  or  when  use<l  for  grazing  alone  the  same  number  of  sheep 
has  been  fed  throughout  the  season.  This  is  sul!i(!ient  indication  of 
the  possibilities  of  irrigation  for  this  purpose,  and  there  seems  no  good 
reason  to  doubt  that  on  the  low-lying  lands  of  southern  New  Jersey  as 
good  results  as  this  could  be  obtained.  The  expense  of  watering  such 
meadows  is  comparatively  light,  but  the  amount  of  water  used  is  rather 
large.  However,  since  the  water  is  used  largely  during  the  months 
when  it  is  not  employed  for  irrigating  ordinary  crops  the  large  amount 
needed  would  not  be  any  great  objection,  and  tlie  irrigation  of  mead- 
ows could  well  form  a  i)art  of  a  general  system  of  irrigation. 

TOTAL    AREA    IKKIGAHLK. 

If  we  consider  only  the  available  water  sui)ply,  we  lind  that  even  in 
the  driest  year  which  we  have  experienced  enough  water  has  run  to 
waste  in  the  streams  to  furnish  an  ample  sui)ply  to  irrigate  the  entire 
area  of  the  State.  Considering  only  the  areas  in  southern  New  Jersey 
which  we  have  pointed  out  as  peculiarly  well  adaj^ted  to  development 
at  a  reasonable  cost,  we  find  that, neglecting  what  nmy  be  watered  by 
wells,  fully  325,(KK)  acres  may  be  brought  under  water,  and  this  alone, 
if  well  managed,  would  probably  increase  the  value  of  the  agricultural 
products  of  the  State  not  less  than  30  per  cent. 

ESTIMATED    COST   OF    IHEIGATION    AND    SlKfCiKSTIONS    FOE   SMALL 

PLANTS. 

Our  estimate  of  duty  of  1  cubic  foot  per  set'ond  for  each  200  acres 
amounts  to  3,230  galhms  daily  per  acre  during  the  month  of  maximum 
requirement.  With  a  pii>e  distribution  the  economy  of  water  would  be 
such  that  this  would  probably  be  reduced  to  2,."iOO  gallons  daily  per 
acre.  Oiir  maximum  monthly  requirement  was  estimated  at  4  inches  per 
month,  and  if  we  assume  that  by  i)ipe  distribution  this  may  be  reduced 
to  3  inches,  and  let  this  be  divided  into  four  waterings,  we  shall  need 
three-fourths  of  an  inch  for  each  watering,  or  jjnictically  20,000  gallons 
per  acre.  Let  us  assume  that  we  wish  to  water  an  area  of  1 0  jicres  requir- 
ing 200,000  gallons  for  each  watering.  We  estimate  in  all  sixteen 
waterings  for  the  season,  and  for  the  driest  month  we  shall  need  one 
watering  each  week.  If  we  apply  this  water  in  six  days,  we  shall  need 
all  of  the  time  of  one  man  during  this  month,  and  ninety-six  days  of 
his  time  during  the  season  of  maxinuim  requirement.  If  we  arrange 
our  plant  so  that  the  watering  may  b(»  accomi)lished  in  three  days,  the 
driest  season  will  recpiire  forty-eight  days  in  all  for  the  watering  and 
66,000  gallons  daily.  This  is  probably  a  gocnl  basis  on  which  to  work, 
because  there  will  be  many  years  when  only  a  fra<;tion  of  this  amount 
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of  time  will  be  consatned,  and,  indeed,  the  maximum  rei][uirement  will 
only  occur  at  long  intervals.  At  ten  hours  daily  we  must  be  able  to 
distribute  0,000  gallons  hourly  from  any  hose  plug  in  the  plant,  and 
this  determines  the  capacity  of  our  pipes  and  pumping  engines. 

It  is  evident  that  for  a  plant  of  this  size,  if  we  must  depend  on  wind- 
mills, we  should  have  tanks  at  hand  to  store  at  least  one  day's  require- 
ment, or  00,000  gallons.  Assuming  that  our  10  acres  is  square,  with 
a  well  driven  at  the  center,  and  pumping  by  windmills  to  tanks,  we 
estimate  that  the  entire  cost  of  installing  the  plant  will  be  $4,500,  or 
about  $450  per  acre.  Of  course,  the  oj^erating  expenses  of  such  a 
plant  will  be  light,  as  nothing  is  required  for  fuel  and  the  operation  of 
the  pumps.  This  provides  for  an  ample  plant,  but  if  one  chooses  to 
take  some  chances  on  the  extreme  dry  years  a  lighter  plant  will  suffice, 
and  the  cost  may  be  cut  down  even  as  low  as  $2,500  and  still  give 
works  of  fair  efficiency,  which  may  once  in  twenty-five  years  during  an 
extremely  dry  season  require  all  of  one  man's  time  to  do  the  watering. 
In  this  plant  we  have  a<lopted  4-inch  galvanized,  lap-welded  wrought- 
iron  pipe  for  the  distribution,  and  so  disposed  that  the  maximum  dis- 
tance from  a  hose  plug  to  any  part  of  the  tract  is  110  feet.  About  100 
feet  of  2-inch  hose  would  consequently  be  required. 

If  we  substitute  for  the  windmill  a  gasoline  vapor  engine  of  sufficient 
capacity  to  deliver  0,600  gallons  hourly,  we  may  do  away  with  the 
storage  tanks,  provided  that  our  well  is  of  sufficient  capacity  to  yield 
this  amount  of  water.  Of  course,  this  will  deliver  the  water  at  a  lower 
temperature.  The  cost  of  such  a  plant  will  be  about  $1,000  less,  or 
$3,500.  This  would  probably  also  be  reduced  to  $2,500  by  adopting  a 
lighter  plant,  say  one  cai)able  of  delivering  3,300  gallons  hourly.  Such 
a  plant  would  have  3  inch  pi[)e  instead  of  4-inch,  as  well  as  a  lighter 
engine,  and  since  during  the  driest  weather  its  deficiency  could  be 
made  good  by  simply  taking  more  time  to  do  the  watering  it  is  prob- 
able that  this  reduction  would  be  a  wise  economy.  In  case  this  plant 
should  draw  from  a  stream  instead  of  a  well  the  cost  would  not  be 
materially  different  in  case  the  stream  was  not  more  distant  than  about 
600  feet  from  the  tract  to  be  watered,  l^he  gasoline  engine  is  to  be  pre- 
ferred to  the  windmill  because  of  its  greater  reliability.  The  cost  of 
operation  is  light,  as  the  engine  needs  very  little  attendance,  the  cost 
of  fuel  for  the  lighter  engine  amounting  to  about  50  cents  daily. 

There  are  also  probably  a  number  of  localities  near  some  existing  or 
abandoned  mill  site  where  water  jwwer  could  be  utilized  cheaply  for 
pumping,  thus  offering  favorable  conditions  for  a  test  of  irrigation. 

li  we  wish  to  adopt  a  gravity  system  for  our  test  it  will  usually  be 
advisable  to  construct  works  sufficient  to  bring  about  100  acres  under 
water,  and  even  to  do  this  it  will  generally  be  economy  to  select  a  site 
favorable  to  further  extension  and  begin  our  works  on  a  plan  adapted 
to  such  extension.  Thus  a  ditch  7  feet  wide  on  top,  2  feet  at  bottom, 
and  2^  feet  deep  can  be  constructed  in  many  parts  of  southern  New 
12503— No.  36 i 
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Jersey  at  a  cost  not  exceeding  12  cents  [kt  foot.  Snch  a  dit(;h  wilh  a 
fall  of  1  foot  in  2,500  will  deliver  20  cubic  feet  a  second,  or  enoagh  water 
to  su])]>ly  4,(NM)  acres  of  land.  If  a  favorable  location  is  selected,  either 
where  there  already  exists  an  abandoned  niilldani  which  can  be  repaired 
or  where  the  sit(^  is  favorable  to  a  small  dam  at  low  cost,  a  mile  of  canal 
'  and  a  dam  may  be  C4)nstructed  at  a  cost  not  ex<'e<Hling  $1,100,  and  100 

I  acres  could  be  brought  under  water.    The  <*ost  would,  therefore,  be  $11 

i  I)er  acre,  which  is  not  exces>ive.    This  will  enable  a  thorougbly  satis- 

j  factory  trial  to  be  made,  and  such  works  could  be  gradually  extended 

'  until  th(^  entire  cost  for  dam,  canals,  and  main  ditches  would  not  exceed 

I  about  ••?.">  iKjr  ;icre.    The  etronomy  of  large-scale  works  by  the  gravity 

I  system  is  very  marked,  but  it  will  be  seen  that  if  a  start  is  made  ander 

such  con<litions  as  wc  have  supposed  the  cost  of  a  small  development 
need  not  be  (»xcessive,  while  if  successful  tiie  prosjMJcts  are  excellent 
for. a  larj»e  i»rofit  in  tlie  ultimate  extension  of  the  works.  Newell's  fig- 
ures (!>.  40)  show  that,  taking  the  average  over  the  whole  United  States, 
the  rental  value  of  this  water  thus  brouglit  to  the  land  would  amount  to 
$1.07  i^er  acre,  whih'  in  California  it  amounts  to  $!.<>().  Many  instances 
I  might  be  (luoted  where  a  much  higher  rcMital  has  been  ])aid,  but  these 

figures  aresuftlcient  to  suggest  the  handsome  return  ])ossible  from  soeh 
a  ])lant.     It  is  impossible  for  us  to  enumerate  at  present  all  the  jMiints 
at  which  such  a  development  couhl  \h*  n»;iched  under  favorable  condi- 
I  tions,  but  among  others  we  have  in  mind  Hunter's  mill  jMHid,  to  b6 

used  for  the  lands  along  the  north  bank  of  the  Tuckahoe  River;  Com- 
berland  Tond  on  Manumuskin  Creek,  to  be  apjdied  along 'the  west 
bank  (»f  the  creek;  the  iN)nd  at  Haniber  and  Cedar  creeks  in  (>ceaa 
County;  the  mill  i>ond  on  Kettle  Creek  at  Silverton,  where  there  Is 
probably  not  more  than  enough  water,  however,  for  about  400  acres. 
Conditions  are  generally  less  favorable  for  such  a  plant  on  the  Dela* 
ware  slope,  for  reasons  whi<rh  we  have  already  ])ointt'd  out.  Still  they 
mav  be  found  on  examination. 
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USE   OF    lEUKIATlOX    IN    NEW   JKUSEV— METHODS    AND   KESrLT8. 


'  Mon^  or  less  coniplcte  data  on  the  abov(»  points  were  secured  from 

live  irrigation  jdants,  three  located  in  (iloucester,  one  in  (Cumberland, 

■  and  one  in  IIunttTdon  County.     Three  of  these  have  been  in  operation 

*  from  two  to  twelve  years,  have  given  eminent  satisfaction,  and  illas- 

trate  tlM»  jjracticability  and  usefulness  of  irrigation  for  small  fruits  and 

vegetables,  especially  on  limited  areas. 


IKRKJATIOX    ON    TIIK    KAKM    OF   .HiH\    UKCP,    OLASHBOK<»,    iiLOlC  KhTKK    CMMNTY. 

Mr.  Kepp's  fruit  farm  of  100  acres  is  located  near  (ilassboro,  Glou- 
cester County,  upon  which  is  grown  a  great  vanety  of  fruit,  peax^hes, 
apides,  berries,  grapes,  etc.,  while  a  consi<lerable  portion  of  the  land  is 
devoted  to  market  gardening  while  being  ])reT)ared  for  fruit  crops.  Mr, 
Kepj)  irrigated  from  2.\  to  .5  acres  since  1881.  and  is  about  to  increase 
largely  his  operations  in  this  direction.    He  has  found  that  during  two 
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years  out  nf  three  there  will  be  dry  s[>ellB,  wben  it  will  i>;iy  to  irrigate 
the  crops  with  wliicli  be  has  experimeutwl. 

Character  ofsoil  and  method  of  "manuring. — The  land  that  hiia  been 
irrigated  during  tbe  last  twelve  years  by  Mr.  Repp  is  a  sandy  loam 
underlaid  by  a  (dayey  subsoil.  It  bad  been  heavily  manured  with  14'ew 
York  Ktable  tnanureniid  fertilizers  before  being  irrigated,  and  has  been 
manured  every  year  since  1884  in  the  sauio  way  until  1892.  Since  1892 
cheiiiicarfertili^ers  have  been  used  aloue  before  planting.  He  still  uses 
the  manure  in  the  fall  as  a  umlcb. 

The  irrigation  plant.— Tbe  nccnmpanyiug  ontliue  shows  the  position 
of  the  land,  o^  acres,  nimn  which  inigation  has  been  practiced  and  the 
location  of  the  reservoir,  pump,  and  pijies  in  reference  thereto. 

A  shows  the  shape  of  the  jiond,  whii;h  covers  about  one-half  an  acre. 


Fill.  ^.-IrrlgBliiiii  ii.vsliim  on  the  Tbttii  of  Jnlm  Rejip,  Gtwhom.  N.  J. 

The  water  backs  np  into  tbe  awampy  land  where  the  springs  are  located, 
and  is  aboat  4  feet  deep  near  the  dam. 

The  pii>e  that  tarries  the  wati-r  to  the  ]niuii»  opens  near  the  surface 
of  tbe  pond,  several  feet  from  the  bank.  The  water  enters  the  pii>e 
through  a  strainer. 

0  represents  the  position  of  the  engine  house,  or  pumping  station. 
This  is  a  8mnll,  substantial  structure,  bnilt  to  cover  and  protect  the 
steam  pump  and  boiler,  which  fill  the  available  space  therein. 

At  1)  D'  is  shown  tbe  position  of  the  underground  main  pi|)e,  1^ 
inches  inside  diameter,  leading  from  tbe  pum[>  to  the  fiehl  to  be  irri- 
gated, which  is  divided  into  two  nearly  equal  parts  by  this  main  pi[>e. 
On  one  side  is  'J  aeres,  on  the  other  2^  acres.  The  side  pipes  a  a  ua, 
i  inch  inside  diameter,  are  laid  under  ground  at  distances  of  10  feet. 
These  pipes  are  furnished  with  faucets  a'  a'  a'  a'  for  'attaching 
rubber  hose. 

Irrigation  of  strairherrien. — Mr.  Repp  describes  his  actual  oiierations 
in  watering  or  irrigating  a  field  of  strawberries  as  follows: 

Abont  ten  yearsBKO  I  built  n  tlani  acroHB  iiBmalt  tttrenm,  foil  by  sprin^H,  tliat  vn.^'ft 
throDgh  my  ylac«,  ftoil  incloBeJ  ubuut  oue-UaU  &u  &cte  ot  '»iaA>sT,'i  \*i  ^fe«x  &k«^. 
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The  land  I  wanted  to  irrigate  is  from  4  to  10  feet  above  the  water.  I  ftrat  thoaghi  I 
would  f^ot  a  windmill  and  pump  the  water  into  a  reserA'oir,  bnt  I  found  it  would 
take  800  barrels  of  water  to  cover  1  acre  an  inch  deep,  and  as  I  wanted  to  grow 
about  3  acres,  in  time  of  drought  it  would  be  necesAary  to  put  on  not  less  tbAii  1 
inch  of  water  twice  a  week,  thus,  in  my  judgment,  rendering  the  storage  ■cbemo 
too  expensive ;  ho  I  put  in  a  steam  pump  which,  with  an  S-liorscpower  l>oiler,  will 
raise  800  to  1,000  barrels  n  day.  The  cost  of  the  entire  plant,  including  pipe  tmd 
hose,  was  $600. 

1  laid  off  my  land  in  two  blocks,  2^  acres  in  one  and  3  acres  in  the  other.  Between 
the  blocks  I  laid  a  1^-incli  pipe  under  the  groun<l.  I  have  one  of  the  blocks  in  ber- 
ries each  year.  In  planting,  get  ground  flue  and  level,  mark  out  with  hand  marker 
every  other  row  20  inches,  every  other  28  inelieH,  plant  1  foot  in  row,  cnltivate  and 
hoe.  In  hoeing,  the  man  walks  in  the  wide  row;  by  so  doing  leaves  the  ground  a 
little  lower  between  the  narrow  rows.  In  Auguht  stop  cultivating  between  tha 
narrow  rows,  let  them  till  up  with  runners,  and  keep  the  wide  rows  cultivated  till 
fall.  Before  winter  sets  in  cover  the  beds  with  horse  manure,  about  a  carload  to  the 
acre.  In  early  spring  rake  the  manure  in  wide  rows,  cover  the  manure  with  salt  hay, 
using  I  ton  per  acre.    The  Ist  of  May  put  on  800  pounds  per  acre  of  a  good  fertiliier. 

Ah  soon  as  it  gets  dry,  start  the  pump.  I  run  the  rows  at  right  angles  to  the  main 
pipe,  laying  three- fourth- inch  pipe  10  feet  apart,  parallel  with  the  rows,  have  spigots 
about  60  feet  apart  on  the  Huiall  pipe,  and  connect  with  three- fourth-inch  hoeeSO 
feet  long.  A  man  changes  the  hose  from  row  to  row,  running  the  water  down  the 
row.  The  longest  period  that  I  have  been  obliged  to  use  the  pump  in  any  one  year 
was  nineteen  days.  My  expenses  for  two  men,  fuel,  and  wear  of  the  plant  are  about 
$3.50  per  day. 

Cost  of  irrigation, — The  first  cost  of  a  plsiiit  similar  to  the  (MM 
operated  by  Mr.  Rei)p  would  be  considerably  less  now  than  in  18849tlMI 
year  when  he  started.  Windmills  have  been  improved  since  that  tiiiM% 
and  now  less  expensive  giusoline  engines  are  also  entirely  practicable 
for  Uiis  work.  Mr.  Repp  estimates  the  original  cost  of  his  entire  plant 
at  $000,  the  chief  items  of  which  are — 

Worthington  steam  pump $190 

St4?am  boiler 150 

400  feet  rubber  hose 40 

The  main  iron  pipe,  connections,  shed,  stopcocks,  etc.,  make  up  the 
balance  of  the  initial  cost. 

Celery  after  strawberries,— -A^  soon  as  the  first  crop  of  strawberries  . 
is  gathered  the  vines  are  plowed  under;  that  is,  one  summer  is  spent  'J 
in  i)reparing  for  the  crop  which  is  gathered  the  following  spring.  The  - :? 
patch  is  plowed  in  season  to  allow  for  the  growing  of  another  crop  of  ,  i 
some  kind  during  the  summer  and  fall.  During  the  first  years  of  the  > 
enterprise  this  second  croj)  was  celery.  Celery  was  grown  very  sue-  < 
cessfully  by  irrigation,  but  it  was  difficult  to  keep  for  the  winter  .- 
market. 

When  setting  out  the  celery  plants  in  a  dry  time,  shallow  furrows 
were  wetted  before  planting.  After  setting  out,  irrigation  is  accom- 
plished by  turning  a  furrow  away  from  each  wide  of  the  row  and  run- 
ning water  down  these  furrows.  When  the  water  has  soaked  in  the 
furrow  is  turned  back. 
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Lettuce  after  strawberries, — Mr.  llepivs  first  attempt  to  irrigate  let- 
tu<*ft  was  made  iii  the  extremely  dry  summer  of  1805.  Tlio  experiment 
was  not  a  financial  success  on  account  of  many  hindrances  at  the  start. 
The  seed  was  sown  about  August  1  in  drills.  The  seeil  proved  to  be 
poor  and  the  field  was  repKinted  about  August  15.  Irrigation  was 
effected  by  sprinkling  with  hose,  very  much  in  the  same  wa}'  that  lawns 
are  watered.  The  whole  field  of  \%  acres  was  thoroughly  wetted  by 
four  men  in  half  a  day.  This  watering  was  repeated  twice  a  week 
until  the  lettuce  was  well  started.  There  was  no  rain  for  three  or  four 
weeks  after  the  seed  was  sown,  but  the  waterings  were  sufficient  to  pro- 
duce a  good  crop,  though  reduced  in  value  by  cold  weather  before  it  was 
ready  for  market. 

It  will  be  readily  seen  that  the  amount  of  water  used  on  the  lettuce 
was  very  small  as  compared  with  that  used  in  watering  strawberries. 
Full-grown  strawberry  vines  will  give  off  a  great  deal  of  water  through 
the  leaves  on  a  hot  day.  The  water  that  is  transpired  would  be 
especially  large  from  a  field  of  strawberries  grown  as  Mr.  Repp  grows 
them,  where  nearly  half  the  field  is  thickly  covered  with  thrifty  vines. 

During  the  ripening  and  picking  season  of  strawberries,  it  will  be 
remembered  that  on  the  field  in  question  200  tons  of  water  are  spread 
over  an  acre  in  a  week  (when  no  rain  falls). 

The  amount  of  water  used  per  acre  on  lettuce  can  be  calculated 
approximately  from  the  capacity  of  the  steam  pump.  This  will  immp 
about  40  gallons  of  water  a  minute  when  the  water  is  raised  7  feet,  as 
in  this  instance.  One-half  day  equals  three  hundred  minutes.  300  x 
40=12,(X)0  gallons.  This  quantity  was  used  on  IJ  acres  twice  a  week. 
Twenty-four  thousand  gallons  on  1%  acres  is  55  tons  of  water  per  acre 
once  a  week. 

Irrigation  of  onions, — Mr.  Repp  has  also  irrigated  onions,  though  his 
experience  with  this  crop  was  less  successful  than  with  the  others. 
He  was  unable  to  prevent  blistering.  Doubtless  further  study  and 
experience  will  enable  him  to  handle  the  water  for  this  crop  in  a  satis- 
factory manner. 

Profits  from  irrigation. — Mr.  Repp,  having  irrigated  since  1884,  is 
competent  to  give  a  very  correct  opinion  concerning  the  average  profits 
of  irrigation  with  some  crops. 

For  some  years  the  5  J  acres  under  irrigation  were  devoted  to  growing 
strawberries  and  celery.  One-half  was  irrigated  and  cropped  each 
year.  During  the  alternate  years  the  land  was  devoted  solely  to  the 
first  yearV  growth  of  strawberry  plants  without  irrigation.  Immedi- 
ately after  tlie  berry  crop  is  removed  the  vines  are  plowed  under,  and 
about  the  middle  of  August  the  celery  plants  are  put  out. 

Mr.  Repp  has  irrigated  strawberries,  on  the  average,  two  seasons  out 
of  three  since  1884.  His  smallest  gross  sales  for  any  season  in  which 
irrigation  was  practiced  were  $300  per  acre;  average  yearly  gross  sales 
of  strawberries  for  twelve  years  from  the  b^  acres  were  $250  per  acre. 
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It  abonld  bo  borne  in  mind  that  ouly  half  the  area  (2^  acres  one  year, 
•i  acres  the  next)  bore  a  ci'U|>  each  year.  The  averagu  grow  sales  for 
bearing  years  were  |500  ]>er  acre. 

In  addition  to  the  profits  from  strawberriee,  were  the  profits  from  the 
celery,  lettuce,  etc.,  grown  on  the  same  land. 

IRBUiATION    OS    TIIK    KAItSI    <1K   t.    U.    WHITNEY,    (ILABHBURO, 


TCRSTKR    COUHTT. 

Pumping  water  for  irrigation  by  water  poicer. — In  1894  Mr.  Whitney 
erected  a  plant  to  irrigate  by  water  power  several  acres  of  land  on  oM 
of  hia  many  farms  about  Ulassboro. 

Although  the  iilaut  has  not  yet  been  used,  because  of  a  change  In 
ownership,  the  arrangements  are  practical  and  provide  for  irrigatioa  at 
a  small  expense,  both  initial  and  for  operating.  The  construction  and 
cost  of  the  plant  are  the  chief  points  considered.  The  accompanying 
sketch  shows  the  locations,  respectively,  of  the  reservoir,  dam,  watw 
wheel,  pipes,  etc. 


Fio.  4.-lmf«iiiiii  plant  on  ih.-  furni  of  T. 

Till!  pond  on  Mr.  Wliitney's  fiiiin  covers  uboiit  Si  sicrcs,  and  is  sop- 
plied  by  two  creeks,  or  rather  several  springs,  wince  the  i»ond  extends 
nearly  to  the  source  of  Imth  creeks.  These  springs  fnrniKh  a  veiy 
steady  supply  of  water.  A  large  volume  of  wati^r  was  flowing  over  the 
dam  in  Deirembor,  189.^,  while  springs  and  creeks  were  drying  up  all 
over  southern  New  Jersey  on  account  of  the  prevailing  drought.  The 
dam  is  about  10  rods  long.  The  water  falls  9  feet  at  the  sluice,  and 
this  fall  is  secured  by  baking  the  water  only  309  or  400  yards  up  the 
stream. 

The  water  jiasses  through  a  large  conduit  from  the  ]>oik1  under  the 
road  to  the  top  of  the  8-foot  overshot  water  wheel.  ThiK  water  wheel 
is  coune(;t6d  by  coggexl  wheels  to  a  Worthington  double-action  pump. 
The  waste  water  then  passes  through  a  ditch  to  the  main  creek  channel. 
The  water  for  the  reservoir  is  pumped  through  an  undurgronnd  <day 
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pipe,  2  inches  in  diameter.  The  reservoir  is  a  bowl-shaped  excavation, 
the  bottom  and  sides  being  thickly  cementeil.  The  dimensions  are, 
approximately,!)  feet  in  depth.  Bottom  circumference,  53  feet;  top  cir- 
cumference, 125  feet;  it  has  a  capacity  of  over  50,000  gallons,  and  is 
located  on  a  hill  40  feet  above  the  level  of  the  wat.er  in  the  i>ond. 

Tbe  system  is  evidently  less  expensive  than  one  in  which  steam  power 
is  used.  The  first  cost  need  not  be  so  great  if  the  farmer  uses  his  odd 
time  to  build  the  dam,  lay  the  pipes,  etc.  And  the  running  expenses 
consist  mainly  in  the  wages  of  the  men  who  apply  the  water  to  the  land, 
no  engineer  being  required. 

The  number  of  farms  where  water  power  can  be  used  in  southern  New 
Jersey  is,  however,  small,  since  the  average  fall  in  creeks  is  but  8  or  10 
feet  per  mile;  in  the  northern  sections  of  the  State  this  method  could 
be  used  in  many  places.  The  farmer  owning  10  to  20  acres  could  not 
use  water  power  in  many  cases.  On  large  farms  or  in  localities  where 
several  small  owners  could  and  would  cooperate  it  would  appear  that 
water  power  could  be  used  to  advantage  to  pump  for  irrigation  purposes. 

Subirrigation. — Subirrigation  is  also  practiced  on  Mr.  Whitney's  farms 
at  Glassboro,  and  his  method  is  quite  unique,  though  there  is  probably 
very  little  land  that  can  be  irrigated  in  this  way  in  the  State. 

A  certain  area  of  comparatively  low  land,  underlaid  with  drain  tile, 
became  very  dry  during  long  droughts;  to  remedy  this,  a  dam  was 
built  immediately  below  the  point  where  the  drain  outlets  into  the  creek, 
and  the  process  of  drainage  was  reversed.  That  is,  the  water  of  the 
creek  was  forced  back  into  the  drain  tile,  and  out  through  the  inter- 
stices into  the  soil,  so  that  the  latter  was  rendered  moist  within  a  few 
inches  of  the  surface. 

Mr.  H.  D.  Chew,  manager  of  Mr.  Whitney's  farms,  has  successfully 
irrigated  onions  and  strawberries  by  this  method. 

IRRIGATION   ox    THE   FARM    OF    JOSIAN    H.    SUUTK,    PITMAN   GIJOVK,    GLOUCESTER 

COUNTY. 

Garden  irrigation, — Mr.  Shute's  outfit  consists  of  an  8-foot  iron  tur- 
bine windmill  set  up  on  a  30  foot  tower;  two  tanks  of  500  and  2,000 
gallons  capacity,  respectively;  a  Buckeye  double-action  force  pump; 
piping  from  the  pump  to  the  tanks  and  irrigated  field,  and  hose  for  dis- 
tribution of  water  over  the  field.  With  a  storage  capacity  of  only 
2,500  gallons,  Mr.  Shute  successfully  irrigated  a  little  over  1  acre 
during  the  season  of  1895,  selling  therefrom  $250  worth  of  products^, 
and  having  beside  a  plentiful  supply  of  vegetables,  etc.,  for  family  use. 

The  diagram  (p.  oG)  will  show  the  arrangement  of  his  plant. 

The  dotted  lines  represent  the  underground  i)ii)es.  The  windmill 
and  pump  supply  the  house  and  barn  with  water,  as  well  as  the  garden. 
The  small  tank  is  in  the  attic  of  the  house,  about  20  feet  above  the 
ground.  All  the  water  is  pumped  into  this  tank,  which,  when  nearly 
full,  discharges  through  the  full  length  of  pipe  into  the  lar^ec  t»i.^^« 
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IrriisHtiiiii  HyMt«*in  on  th«<  funii  of  J.  II.  Sliiiti*   ritiiiuii 
(fni\i*.  N.  .1. 


The  2,()00-fra11oii  timk  ifl  on  the  second  floor  of  the  bam.    This  almont 
conntaiit  How  of  water  through  the  pifM^s  nnder  the  irrij^ateil  fiehl  ha8 
kept  them  clean. 
PipeH  furnished  with  faucets  come  up  some  distance  above  grouud 

at  four  places  along 
the  main  line,  to 
which  hose  is  at- 
tacluHl  long  enoufrh 
so  that  any  part  of 
the  field  may  be  wa- 
t4»nHl. 

( 'rofks  irrigaivih — 
Mr.  Shute's  spe- 
f*ialty  has  been  the 
growing  of  a  crop 
of  onions  and  celery 
on  the  same  land 
in  one  season,  and 
helping  both  cnips 
by  irrigation.  lie 
puts  out  his  <mion  sets  as  early  in  the  sjn-ing  as  jMissible.  1  foot  by  3 
inches.  If  there  is  «lry  weather  while  tlie  onions  are  growing,  he  irri- 
gates by  sprinkling,  or  by  tlooding.  Onions  sliouhl  be  watere<l  early 
in  the  morning,  in  the  evening,  or  on  a  cloudy  day.  The  onions  are 
harvested  early  in  .Inly.  Some  ar<*  pulled  early  and  sold  in  bunches 
with  the  tops  on.  While  the  onions  arc  growing,  the  celery  ]dant8. 
White  Plume  variety,  have  Iw^en  helped  by  watering.  an<l  about  the 
middle  of  .Inly  are  ready  to  transplant.  These  plants  are  s<»t  out  6 
inches  by  3  feet,  the  gnmnd  about  them  being  tlmronghly  wetted. 
Other  varieties  would  need  to  be  4  or  .*>  feet  apart. 

Mr.  Shute  irrigates  his  (relery  <mce  in  ten  <lays,  or  two  weeks.  Thi* 
operation  is  similar  to  Mr.  Kei)p's  method  of  irri;iation  of  celery,  already 
clescribed.  Mr.  Shute  has  irrigated  on  a  smaller  Male,  strawberries, 
lima  beans,  and  otluM*  garden  pnNluce. 

CoHt  of  plant. — The  chief  items  of  exiH»nsi»  in  preparing  for  irrigation 
are  lus  follows: 

Iron  tiirlyiM'  wimliiiiU  :ui<l  tow«r.  n<»t  H«t  up .*7.'».  <M» 

Doiihio-actioii  fono  pump .s.<h> 

r»(K)-|ralloii  tank \H.CH) 

2,(M)n-jrjillon  tauk :;:,jH> 

4r)nfeft  tliroe-M'»»rt**riiu-li  pipe,  ti  «MMitH  p«.r  foot 2«».-j:» 


Total V^t.'S* 

The  <lrive  well  from  which  the  water  is  se<-ured  is  not  included  in  the 
cost  of  the  plant,  as  it  was  ]>nt  «W>wn  prinmrily  to  supply  the  house  and 
barn. 
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IRRIGATION   OX  TIIK   FARM   OF   A.  P.  ARXOM>,    VINElJiXD,    CrMBEKLAXD   COUXTY. 

Mr.  ArnoUrs  windmill  and  reservoir  located  on  the  top  of  a  liill  were 
put  up  for  other  purposes  than  irrigation,  the  latter  being  incidental 
only. 

The  advantages  for  irrigation  accruing  from  the  location  of  the 
reservoir  are  apparent.  After  the  water  is  in  the  reservoir,  the  whole 
farm  can  be  irrigated  without  further  use  of  power;  and  in  case  suffi- 
cient water  can  be  secured  from  the  well  water  rights  might  be  sold  to 
neighbors. 

The  soil  on  this  farm  is  very  sandy,  with  sandy  subsoil,  and,  while 
perhaps  requiring  more  frequent  watering,  is  liable  to  suffer  more  from 
drought  than  a  soil  of  greater  water  holding  capacity,  hence  benefits 
from  irrigation  are  likely  to  be  quite  as  great. 

The  reservoir  is  both  strong  and  handsome.  It  would  probably  not 
be  necessary  to  expend  so  much  money  on  a  reservoir  for  irrigation 
purposes  only.  However,  there  is  very  little  chance  of  the  walls  of 
this  reservoir  cracking  on  account  of  the  outward  pressure  of  the 
water  and  letting  the  water  soak  out  into  the  sandy  soil. 

The  well  was  never  lacking  in  water,  althougU  the  summer  and  fall 
of  1895  were  the  driest  known  in  Vineland  for  many  years.  The  drive 
well  is  70  feet  deep,  and  it  is  about  35  feet  to  the  water  level.  The 
water  for  irrigation  purposes  can  be  drawn  from  the  reservoir  through 
a  pipe  connected  with  the  lowest  part  of  the  bottom  and  opening  some 
distance  down  the  hill. 

Constncction  of  reservoir, — The  reservoir  is  approximately  45  by  90 
feet  in  area;  it  is  very  shallow  at  one  end,  and  gradually  deepens  until 
it  is  7  feet  deep  at  the  other  end,  where  the  outlet  pipe  is  connected. 

The  sides  are  built  of  stone  and  rise  about  2  feet  above  the  surface 
of  the  ground.    The  bottom  and  sides  are  thoroughly  cemented. 

Coat  of  the  reservoir,  windmill,  and  icaterworka, — The  cost  as  reck- 
oned below  does  not  include  the  wages  for  the  labor  that  any  farmer  or 
his  help  can  do  at  odd  times. 

Total  cost  of  windmill  set  up,  and  waterworks  for  house  and  bam . .  $120 
Cost  of  reservoir 130 

There  will  be  some  further  work  and  expense  before  everything  is 
finished.  A  reservoir  for  irrigation  piiri)08es  only  should  cost  much  less 
money.  Probably  $50  would  buy  all  the  material  needed  for  a  reservoir 
of  much  greater  capacity,  and  a  12-foot  windmill  set  uj)  merely  for  the 
purpose  of  pumping  water  into  the  reservoir  would  cost  much  less  than 
$120.  There  would  be  an  expense  not  mentioned  in  the  above  estimate, 
viz,  the  cost  of  piping  to  the  fields  to  be  irrigated;  and  a  larger  wind- 
mill would  be  required  if  several  acres  were  to  be  irrigated. 

If  large,  tight  reservoirs  are  provided,  wind  power  may  be  made 
available  for  irrigation  on  a  fairly  large  scale  in  southern  New  Jersey. 

During  summer  droughts  there  is  apt  to  be  very  little  wind,  so  that 
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at  the  critical  time,  whea  large  quantities  of  water  are  needed,  there  is 
very  little  avaihibh*.  where  wind  power  is  the  sole  dependence,  unlei<s  it 
has  been  pumjwd  into  reservoirs  which  are  hijjh  enoiij:^u  above  the  land 
to  be  irrigated  to  permit  the  water  to  be  distributed  by  gravity  ui>on 
the  land  where  it  is  needed. 

IRHIGATIOX  ON  TIIK  FARM  OF  THOMAS  R.  IITNT.  LAMHKKTVILI.K,  IH'NTRRDOX  CorXTY. 

Mr.  Hunt's  place  is  located  about  1  mile  from  the  Delaware  River, 
southeast  from  the  town;  the  land  is  what  is  known  in  that  section  as 
^^ mountain  soil; ''  it  is  a  medium  clay  loam,  and  with  a  rather  compact 
clayey  subsoil.  It  retains  moisture  only  reasonably  well  m  dry  weather; 
it  is  fairly  well  adapted  for  asparagus,  celery,  onions,  and  for  the  small 
fruits,  raspberries  and  strawberries. 

Mr.  Hunt  has  used  irrigation  successfullv  for  a  number  of  ve«rs.  Pre- 
vious  to  1892  he  obtained  his  water  from  the  waterworks  supplying  the 
town  of  Lambertville.  In  ISOli  he  i)ut  in  his  own  jilant,  which  consists 
of  a  Regan  vapor  engine,  and  the  necessary  mains.  The  engine  is  placed 
immediately  upon  the  bank  of  a  pond,  whi<rh  was  built  many  years  ago 
for  the  i)urpose  of  supjdying  water  for  general  use.  From  the  engine 
house  he  carries  his  main,  a  2-in(h  pipe,  directly  west  about  350  feet, 
where  it  reaches  an  elevation  about  20  feet  above  tlie  level  of  the  pond, 
and  is  high  enough  to  permit  of  his  carrying  water  by  gravity  to  any 
part  of  the  farm  which  he  desires  to  irrigate;  about  100  fei»,t  from 
the  engine  house  he  carries  a  brandi  main  of  the  same  size  about  L*00 
feet  south,  in  which  Ts  an^  place<l  every  50  feet  for  hose  (*(mne<;tion8; 
a  1-ineh  i)ipe  is  carried  about  150  feet  north  to  his  garden,  where  a 
large  i)ortion  of  his  plants  are  grown.  From  the  westerly  point  he 
carries  a  2-incb  iron  pi]>e  main,  arranged  for  connec^tion  in  the  same 
manner,  about  200  feet  north  across  the  ])ublic  highway.  From  this 
point  the  water  is  carried  by  means  of  fire  hose  for  several  hundred 
feet  east  and  west  connected  with  T's  every  50  U*ot.  Tiie  area  capable 
of  being  watered  under  i)resent  circunistan<ies  is  about  10  Jicres.  The 
crops  which  have  been  irrigated  uj)  to  the  present  tini(»  an»  strawlier- 
ries,  early  cabbage,  and  celery,  though  the  crojjs  which  he  grows,  and 
which  may  be  irrigated  by  his  system,  consist  of  -.^  acres  of  straw- 
berries, 3  acres  of  raspberries,  U  a<Mes  of  onions,  2  acres  of  celery,  2 
acres  of  asparagus,  and  three  fourths  to  an  acre  of  early  cabbage.  The 
variety  of  crops  grown  pernnts  him  to  distri])ute  his  water  over  a  larger 
area  than  if  the  entire  area  was  in  one  or  two  crops. 

The  accompanying  diagram  (p.  59)  gives  a  very  good  idea  of  the 
situation  of  the  plant,  and  is  described  somewhat  in  detail,  since  it  is 
representative  of  a  large  luimber  of  loi'ations  in  the  northern  section 
of  the  State. 

A  represents  the  i)ond,  which  covers  about  half  an  acre,  and  is  sup- 
plied by  a  stream  large  enough  to  meet  all  demands  (or  irrigation. 
B  is  the  engine  house;  C,  C,  C,  (./  shows  the  location  and  direction  of  the 
mains,  and  D  the  1  inch  pipe  running  to  the  garden;  E  is  the  westerly 
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point  of  the  main  at  whicli  a  T  is  placed;  it  has  an  elevation  of  about 
20  feet  above  the  level  of  the  pond ;  at  P  is  attached  thelire  hose,  which 
may  be  carried  several  hundred  feet,  both  west  and  east  of  the  main. 
The  areas  showing  asparagus  and  onions,  south  of  the  main  pipe,  slope 
toward  the  pond;  the  asparagus  may  be  irrigated  by  attaching  the  fire 
hose  at  E.  The  area  showing  asparagus,  peas,  onions,  and  strawber- 
ries slopes  so  that  it  may  be  irrigated  in  two  directions.  The  area  to  the 
north  is  quite  irregular  but  is  capable  of  irrigation  mainly  in  the  one 
direction,  north;  the  garden  is  nearly  on  a  level  with  the  pond. 

The  cost  of  irriga- 
tion.— The  main  items 
of  cost  are  gas  engine,. 
$260;  iron  pipe  for 
main,  $100;  the  cost  of 
the  main  is  somewhat 
low,  because  it  con- 
sists of  old  boiler  pipe, 
which  was  secured 
very  cheaply.  The  cost 
of  the  old  fire  hose  is 
merely  nominal,  and  in 
the  experience  of  Mr. 
Hunt  is  an  excellent 
substitute  for  iron, 
where  no  pressure  is  ex- 
erted. Fordistributing 
he  uses  hose  made  from 
12-ounce  ducking,  cost- 
ing 12  cents  per  yard ; 
this  is  cut  into  strips, 
three  to  the  yard,  and 
sewed  together  and 
then  dipped  into  hot 
coal  tar;  he  finds  it 
very  cheap  and  service- 
able. 

The  expense  of  run- 
ning the  engine  ranges 
from  3  to  5  cents  per  hour,  depending  upon  whether  gasoline  is  pur- 
chased at  retail  or  at  wholesale,  as  the  engine  requires  no  attention  after 
starting.  The  application  of  the  water  requires  the  attention  of  one 
man  in  order  to  prevent  waste.  It  is  applied  entirely  in  rows,  except 
upon  growing  plants,  as  cabbage  and  celery,  when  it  is  sprinkled. 

The  distribution  is  eft'ected  by  means  of  a  trough  or  gutter,  the  sides 
of  which  are  perforated  at  dii!erent  distances,  permitting  an  adjust- 
ment to  the  width  of  the  rows  of  the  various  crops  grown,     lu  ivtlvKA^tr 
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ing  strawberries,  however,  the  water  is  Himply  allowed  to  nin  between 
the  rows  under  the  mulch.  The  ca^acuty  of  the  engine  is  1,50()  gallons 
per  hour,  which  will  irrigate  thoroughly  at  least  hall*  an  iwre  per  day. 
Irrigation  is  never  practice<l  until  the  ground  becomes  dry,  and  in  the 
case  of  cultivated  i)Iants.  as  celery,  cabbage,  etc.,  the  land  is  cultivated 
as  soon  after  as  it  is  dry  enough,  to  i)revent  baking. 

Mr.  Hunt  regrets  now  that  he  did  not  put  in  an  engine  w^ith  a  ca])ac!ity 
of  4,(HK)  gallons  an  hour,  a  quantity  that  could  be  carried  by  his  main, 
and  which,  at  the  present  time,  would  cost  but  little  more  than  the  one 
he  now  has. 

The  admntugett  derived. — The  first  year  in  which  the  plant  was  in 
operation — 1802 — the  irrigation  of  1  acre  of  celery  more  than  i)aid  for 
the  entire  cost  of  the  plant,  and  Mr.  Hunt  estimates  that  the  value  of 
the  water  merely  for  the  purpose  of  wetting  his  ]>lants,  both  before  and 
at  the  time  of  setting,  jiays  annually  more  than  the  initial  cx)st  of  the 
plant,  and  though  he  has  kei)t  no  iwciirate  record  of  the  profits  secured 
from  irrigation,  the  good  results  are  so  apparent  that  anyone  visiting 
his  plac(i  is  deeply  impressed  with  the  value  of  the  systt^n.  1  lis  berries, 
particularly-,  are  of  very  fine  quality ;  in  fact,  so  sui)erior  that  he  is  able 
to  fix  his  own  prices  in  his  chief  markets,  Lambertville  and  Scranton. 

POSSiniLITV     OF     PUMPIN(;     LAR(fE     glANTlTIES     OF     WATP:R     FROM 

WELLS   FOR   IRRIOATINO    PURPOSES. 

In  the  two  cases  cited  where  water  was  pumped  from  wells  to  be 
used  for  irrigation,  only  a  small  acreage  was  irrigated.  In  order  to 
discover  if  it  were  possible  to  pump  large  (juantities  of  water  from 
wells,  the  waterworks  of  Vineland,  Cumberland  County,  N.  J.,  were 
investigated. 

The  water  for  the  Vineland  waterworks  is  pumped  by  steam  iK)wer 
from  fourteen  driven  wells,  2^  inches  in  diameter,  to  a  high  reservoir; 
the  distance  from  surface  of  water  in  the  wells  to  the  top  of  the  tank 
used  as  a  reservoir  is  95  feet.  The  average  amount  of  water  ]>umped 
daily  is  2.">0,()00  gallons.  It  was  impossible  to  secure  even  approximate 
data  concerning  the  cost  of  pumping  this  wati»r. 

The  experience  of  the  Vineland  Waterworks  Ccmipany  proves  that 
it  is  i)08sible  to  pump  enough  water  at  one  place,  at  least  in  southern 
New  Jersey,  to  irrigate  a  large  tract  of  land.  Two  hundred  and  fifty 
thousand  gallons  of  water  per  week  t^)  an  acre  will  irrigate  most  <Top8 
efl'ec^tually,  even  during  a  prolonged  drought.  With  2.">(),0<>0  gallons  a 
day  from  5.5  to  0.5  lutres  could  be  irrigated  without  the  use  of  large 
reservoirs.  If  large  reservoirs  were  used,  the  irrigatcMl  acreage  could 
be  greatly  increased. 

It  is  not  probable  that  such  prolific  wells  as  were  foun<l  by  the  Vine- 
land  Waterworks  Company  exist  in  many  i)hu*es.  But,  on  the  other 
hand,  not  many  farmers  would  want  to  irrigate  more  than  5  acres.  It 
is  (luit^e  probable  that  the  most  economical  method  of  irrigation  will 


prove  to  be  for  several  fiirmers  to  coopenite  in  bnildiiif:  a  central 
pumi>iiig  .stittion,  tlie  water  to  be  conveyed  from  tbis  statioD  to  large 
reservoir)!  on  the  fiirms  of  tUe  cootRTuting  mcm1>er8. 

IBBlCiATION    EXl'KBIMBNTM    IK   MEW   .IKHSEV. 

lu  1895  arraugeiueuts  were  luaOe  tliat  rendered  it  jiusKible  to  seciir© 
on  n  farm  of  the  New  Jersey  Experiment  Station  nn  abundance  of  nfiiter 
for  irrigation  pnri>oses,  and  plans  were  made  at  once  to  study  tlie  qnes- 
tion  of  irrigation  in  a  broad  wny,  both  in  reference  to  the  kind  and 
variety  of  crops  and  the  melbods  of  applying  water.  The  cost  of  irri- 
gation is  not  includc<l  in  the  study  fnrtber  than  to  record  the  expenses 


attending  the  application  of  the  water,  aa  the  conditions  under  which 
the  water  was  obtained  could  not  be  duplicated  throughout  the  Suite. 

The  crops  that  are  growing  now,  and  which  are  to  be  grown  later, 
include  a  large  number  of  vegetables,  which,  as  a  rule,  require  an 
abnudance  of  water  in  order  to  secure  earliness  and  high  quality,  and 
which  are  especially  adapted  tu  the  conditions  existing  in  the  State; 
chief  among  these  are  asparagus,  celery,  cucumbers,  cabbages,  beets, 
beans,  peas,  pepi)eis,  ^kotatoes,  tomatoes,  and  turnips,  inclnding  both 
early  and  late  crops  where  the  kind  of  vegetable  permits.  Among  the 
-  l^uits  are  included  strawberries,  blackberries,  raspberrit'S,  gooseberries, 
cnrrantt,  plums,  cherries,  and  pears. 

The  methods  to  be  investigated  inuludu  \x>tU *viit<iAi*i  •&«&  «sia«?iv^ 
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tiou.  The  furrow  and  flooding  system  for  surface  irrigation  will  be 
given  careful  trial,  while  in  subirrigation  both  the  usefulness  of  the 
various  kinds  of  tile  and  the  influence  of  depth  of  i)lacing  them  will  be 
studied.  The  plants  selected  include,  as  a  rule,  the  standard  sorts  and 
varieties,  and  wherever  practicable  each  irrigated  area  will  inclu  le 
from  two  to  four  plats,  each  treated  in  a  different  manner,  particularly 
in  respect  to  manuring.  The  accompanying  map,  with  description  of 
the  plant,  indicates  the  plan  and  sco]>e  of  the  work  outlined. 

The  experiment  ground  contains  7  acres,  separated  by  lanes  9  feet 
wide  into  three  divisions,  the*  higher  grimnd  in  the  middle  division. 
The  contour  lines  show  a  fall  of  9J  feet  from  the  highest  to  the  lowest 
points,  and  that  upon  a  large  portion  of  the  area  there  is  a  reasonable 
uniformity  in  the  slope  of  the  land,  thus  permitting  a  ready  and  suffi- 
ciently rapid  flow  of  water.  The  water  is  supplied  by  a  3inch  main, 
which  runs  through  the  middle  division;  T's  are  i>laced  every  75  feet, 
from  which  laterals,  1  inch  inside  diameter,  are  carried  both  north  and 
south,  ending  in  hydrants  raised  3  feet  from  the  ground  and  provided 
with  faucets  to  which  hose  may  be  attached  for  distributing  Uie  water. 
The  fall  from  the  reservoir  is  about  9  feet,  thus  aflording  a  reasonably 
rapid  flow  from  the  laterals,  and  the  supply  is  ample  for  the  maximum 
denmnds  for  irrigation  i)urposes.  The  division  lying  on  the  north  con- 
tains about  2  acres,  and  is  separated  into  four  ])lats,  numbered  in  the 
map  I,  II,  III,  IV,  which  are  divided  again  north  and  south  into  seven 
series  of  plats,  indicated  by  the  numerals  0,  1,  2,  3,  4,  5,  and  G;  a  por- 
tion of  each  series,  approximately  one  sixth,  is  aiYanged  for  irrigation; 
the  water  runs  north  from  the  standpii)es,  and  may  be  applied  first 
to  Plat  IV,  then  to  III,  etc.,  or  to  I,  II,  and  III,  etc.,  as  the  line  of 
experimentation  may  dictate. 

With  the  exception  of  asparagus,  the  ditl'erent  kinds  of  vegetables 
mentioned  as  under  exi)eriment  are  grown  on  these  jdats,  and  varioas 
methods  of  surface  and  subirrigation  used  are  practiced. 

The  area  lying  on  the  south  side  contains  3A  acres,  and  is  divided 
into  ten  )dats,  running  north  and  south,  marked  A,  B,  C,  etc.,  the  area 
of  each  plat  being  determined  by  the  kind  of  cro])  and  object  of  the 
experiment;  the  jdats  are  also  subdivided  into  belts,  numbered  I,  II, 
III,  etc.,  running  oast  and  west.  With  the  exception  of  Plats  B  and 
K,  one  half  of  each  plat  is  arranged  for  irrigation. 

For  example.  Plat  A  contains  six  varieties  of  asparagus,  represented 
by  the  lines  running  north  and  south;  these  varieties  are  duplicated 
on  the  blank  space  wiiich  represents  the  irrigated  area  of  the  plat. 
IMat  C  contains  six  varieties  of  blackberries;  Plat  I),  six  of  raspberries; 
Plat  E,  four  of  currants;  Plat  F,  four  of  gooseberries;  and  Plat  G,  six 
of  strawberries.  These  plats  are  also  subdivided  into  belts  i,  II,  III, 
etc.,  for  the  i)urpose  of  studying  methods  of  cultnie  and  manuring.  In 
Plats  II,  containing  plums,  I,  cherries,  and  J,  prars,  the  upi>er  portion 
is  irrigated,  and  each  belt  of  two  rows  of  trees  each  in  the  plats  is 
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separated  from  the  other  by  a  single  row  of  trees  containing  different 
varieties  of  the  same  kind  of  fruit  for  a  variety  test;  the  purpose  of 
this  separation  being  to  prevent  cross  feeding. 

riats  K,  in  which  standard  pears  are  set,  L,  containing  apples,  and 
M,  peaches,  are  situated  in  the  middle  division  on  the  higher  portion  of 
the  land,  and  are  not  duplicated  for  irrigation,  though  it  may  be  prac- 
ticed in  case  necessity  demands.  Plat  N  is  arranged  more  particularly 
to  study  methods  of  irrigation;  it  contains  a  number  of  kinds  and 
varieties  of  berries  and  vegetables  in  which  it  is  i)lanned  to  study  the 
advantages  and  disadvantages  of  a  number  of  methods  of  applying 
the  water,  both  by  surface  and  subirrigation  methods.  O  shows  the 
plant  houses,  where  subirrigation  is  a  feature  of  the  work  planned  for 
the  winter  season. 

It  will  be  observed  from  this  description  of  the  plant  that  oppor- 
tunity is  afforded  for  a  broad  study  of  the  question  of  irrigation  as 
applied  to  the  crops  of  the  greatest  importance  in  our  State.  A  small 
part  only  of  this  i)lant  was  in  operation  in  1805;  it  was  finished  too 
late  to  ijwmit  of  a  proper  study  of  the  effect  of  irrigation,  except  in 
case  of  a  few  late  vegetables.  Irrigation  began  on  September  17  and 
continued  until  the  end  of  the  season  upon  beans,  peppers,  eggplants, 
tomatoes,  turnips,  and  celery.  For  eggphmts  and  tomatoes  irrigation 
began  too  late  to  bo  of  service;  the  turnip  crop  was  ruined  by  club 
root,  thus  leaving  but  three  crops  from  which  i)ositive  datacould  be 
secured.  The  conii)lete  data  obtained  have  already  been  published' 
and  may  be  summarized  as  follows: 

[For  beans,  stated]  in  tornis  of  good-sized  pods,  the  average  j'ield  of  the  nine  non- 
irrigated  belts  was  17  pounds  and  1  ounce,  while  the  yield  from  the  irrigated  belt 
was  45  pounds,  or  nearly  three  times  as  many,  besides  being  much  larger  sized  and 
of  liner  color  and  quality. 

For  pepjiers  the  average  yield  upon  the  eleven  nonirrigated  belts  was  717  fruits, 
while  the  number  upon  the  irrigated  belt  reached  1,277.  This  does  not  show  the 
whole  diti'erence,  for  by  measure  an  unirrigated  belt  gave  6^  peach  basketl'uls,  with 
a  total  weight  of  80  pounds,  and  the  irrigated  belt  11:^  baskets,  weighing  147  pounds. 
The  difference  is  still  more  than  these  tigures  show,  for  the  irrigated  ground  gave 
much  better  looking  peppers  in  ])]umpne8S  and  color  than  the  nonirrigated  land,  with 
the  quality  far  8ii])erior.  The  (ruit  from  the  irrigated  plants  would  sell  at  the  highest 
price,  when  those  from  nonirrigated  plants  might  go  at  a  low  figure. 

The  increase  of  4^  baskets  of  ]ieppers,  to  say  nothing  concerning  the  great  superi- 
ority of  the  whole  crop  over  that  of  the  nonirrigated  lielts,  cost  lor  the  water  24^ 
cents  (24.46),  which  in  round  numbers  is  5  cents  (5.14)  per  basket. 

The  total  weight  of  celery  was  465^  pounds,  329A  pounds  being  produced  in  the 
irrigated  and  I3(j  ])ounds  in  the  nonirrigated  rows.  In  round  numbers  this  is  two 
and  one-half  (2.40  to  be  exact)  times  as  much  celery  upon  the  irrigated  as  upon  the 
nonirrigated  land.  However,  these  tigures  do  not  indicate  the  full  difference  of 
market  value,  for  the  irrigated  celery  was  of  good  size  and  ({ualit}',  readily  salable 
at  a  fair  price,  while  the  nonirrigated  rows  yielded  a  crop  that  was  worth  less  than 
the  cost  of  production.  After  the  plants  were  ])repared  for  market  by  removing 
worthless  outside  leaves  and  the  roots,  it  was  shown  that  the  loss  from  the  irrigated 
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was  28.57  ])er  cent,  while  from  the  doii irrigated  it  waa  40  per  cent,  which  is  a  maoh 
greater  loHsfor  the  Hiiialler  plants  than  for  the  larger. 

Tbf,  (lifference  between  the  marketable  products  of  the  two  rows  in  in  round  num- 
berH  three  to  one;  but  when  the  ^M*11tng  price  Ih  conHidere<l  the  difference  is  not  far 
from  eight  to  one  in  favor  of  irrigation. 

Irrigation  is  undoubtedly  prarticable  in  New  Jersey.  It  only  remainB 
t<)  demonstrate  by  further  study  and  experiment  its  adaptability  to  the 
varying  conditions,  in  reference  to  crop  and  soil,  the  methods  by  which 
it  may  be  most  economically  accomplished,  and  the  advantages  that 
may  accrue  therefrom,  in  order  that  a  valuable  resource  of  the  State^ 
namely,  water  supply,  may  be  largely  utilized  in  this  direction. 
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LETTER  OF  TRANSMIHAL 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

Washingtorij  D.  C,  December  15y  1898. 

Sir:  I  have  the  honor  to  transmit  herewith  an  article  containing  a 
discuHsioi)  of  the  irrigation  laws  which  control  the  diversion  and  use  of 
water  from  the  Missouri  Eiver  and  its  tributaries,  prepared  by  Prof. 
ElwoodMead,  State  engineer  of  Wyoming,  in  accordance  with  instruc- 
tions given  by  the  Director  of  this  Office. 

This  is  the  first  of  a  series  of  bulletins  to  be  prepared  in  accordance 
with  the  provisions  of  the  clause  in  the  appropriation  act  for  this  Depart- 
ment for  the  current  fiscal  year  authorizing  the  collection  "from  agri- 
cultural colleges,  agricultural  experiment  stations,  and  other  sources, 
including  the  employment  of  practical  agents,  of  valuable  information 
and  data  on  the  subject  of  irrigation,  and  publishing  the  same  in  bul- 
letin form."  The  general  supervision  of  this  work  has  been  assigned 
to  the  Director  of  this  Office. 

It  was  decided  that  the  best  way  in  which  the  Office  could  get  the 
advice  which  it  needed  for  the  formulation  of  plans  of  work  along  the 
most  useful  lines  was  to  call  a  conference  in  the  irrigated  region  of 
experiment-station  officers  and  irrigation  engineers  who  had  been  most 
largely  engaged  in  recent  years  in  making  exjierimental  inquiries  in 
irrigation,  or  in  dealing  with  the  administrative  and  practical  problems 
involved  in  the  use  of  water  for  irrigation  in  the  West.  This  conference 
was  held  at  Denver,  July  12  and  13, 1898,  and  was  attended  by  experi- 
ment-station officers  from  California,  Nebraska,  Colorado,  Utah,  Mon- 
tana, and  Wyoming,  and  the  State  engineers  of  Wyoming,  Colorado, 
and  Nebraska. 

After  careful  consideration  it  has  been  determined  to  confine  the 
work  on  irrigation  for  the  present  to  two  general  lines:  (1)  The  colla- 
tion and  publication  of  information  regarding  the  laws  and  institutions 
of  the  irrigated  region  in  their  relation  to  agriculture,  and  (2)  the  publi- 
cation of  available  information  regarding  the  use  of  irrigation  waters  in 
agriculture  as  shown  by  actual  experience  of  farmers  and  by  experi- 
mental investigations,  and  the  encouragement  of  farther  investigations 
in  this  line  by  the  experiment  stations. 

As  the  extent  and  importance  of  the  use  of  water  for  irrigation  have 
increased  in  that  vast  region  of  the  United  States  in  which  the  rainfall 
is  not  sufficient  for  successful  agriculture,  many  perplexing  questions 
have  arisen  regarding  the  legislation  and  methods  of  administration 
required  to  secure  the  most  equitable  " vAilable  water 

and  to  x^romote  the  most  advaDl^  ial  and 

social  life  in  the  commaniti  t  aa 

adequate  supply  of  water  fin 


It  is  believed  tbat  this  Department  may  greatly  aid  in  the  right  solu- 
tion of  these  fundamental  problems  by  setting  forth  the  facts  and 
impartially  discussing  the  principles  involved  in  the  just  adjudication 
of  water  rights.  As  the  matter  vitally  affects  a  considerable  number  of 
States  and  Territories  and  many  of  the  problems  overrun  the  State 
lines,  it  seems  entirely  appropriate  that  the  National  Government 
should  undertake  to  collate  and  diffuse  the  needed  information.  In  the 
treatment  of  the  subject  of  water  rights,  the  comparative  method 
seemed  most  likely  to  bring  out  the  merits  as  well  as  the  defects  in 
existing  laws  and  methods  of  administration  in  the  several  States,  and 
this  method  has  therefore  been  pursued  in  the  preparation  of  this  bulle- 
tin. On  the  other  hand,  the  vast  extent  of  the  irrigated  region  and 
the  peculiar  x)roblems  presented  by  different  hirge  areas  made  it  unad- 
visable  to  attempt  to  cover  the  whole  field  in  a  single  bulletin.  It  was 
deemed  preferable  for  this  first  bulletin  to  select  a  single  region  cover- 
ing portions  of  several  States  in  which  there  was  in  general  sufficient 
likeness  in  the  agricultural  conditions  as  affected  by  irrigation  to  render 
it  possible  to  make  a  clear  and  definite  statement  of  the  problems  of 
water  rights  and  of  the  directions  in  which  improved  legislation  is 
required. 

The  author  of  the  major  i)ortion  of  the  bulletin  is  thoroughly  familiar 
with  the  region  of  which  he  writes,  and  has  had  a  long  and  successful 
experience  as  irrigation  engineer  and  administrator  of  irrigation  laws, 
as  well  as  a  student  of  the  agricultural  problems  of  this  region. 
Besides  the  State  of  Wyoming,  there  are  two  States  in  the  Missouri 
Basin  in  which  the  streams  are  under  State  control  and  in  which  State 
officials  protect  the  rights  of  appropriators  of  water  for  irrigation  pur- 
poses. These  officials  are  better  prepared  than  anyone  else  to  discuss 
the  efficiency  of  the  irrigation  laws  which  they  attempt  to  enforce,  and 
it  is  considered  very  fortunate  that  the  cooperation  of  Hon.  John  E. 
Field,  State  engineer  of  Colorado,  and  Hon.  John  M.  Wilson,  State 
engineer  of  Nebraska,  could  be  secured  to  prepare  the  discussion  of  the 
laws  of  their  respective  States.  The  success  which  these  officers  have 
achieved  in  the  discharge  of  their  comjilicated  and  important  duties 
gives  to  their  views  a  special  interest  and  value.  In  addition  to  their 
contributions,  valuable  assistance  has  been  rendered  by  the  Hon.  J.  S. 
Dennis  and  Wm.  Pearce,  of  Canada;  Hon.  K.  1).  Wheeler,  irrigation 
commissioner  of  Kansas;  Hon.  Allen  Cox,  attorney,  of  Wakeeney, 
Eans.;  Hon.  S.  A.  Cochrane,  State  engiueeer  of  South  Dakota;  Hon. 
Edward  Van  Cise,  attorney,  of  Dead  wood,  S.  Dak.;  F.  L.  Sizer  and 
other  members  of  the  Montana  Society  of  Civil  Engineers;  and  many 
others. 

This  bulletin  is  respectfully  submitte<l,  with  the  recommendation  that 

it  be  published  as  Bulletin  No.  68  of  this  Office. 

Respectfully,  A.  C.  True, 

JHrector. 
Hon.  James  Wilson, 
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WATER  RIGHTS  ON  THE  MISSOURI  RIVER  AND  ITS 

TRIBUTARIES. 


nrrEODUGTioN. 

For  every  acre  of  irrigated  land  there  has  to  be  a  right  to  water. 
The  title  to  the  water  is  of  as  much  importance  as  the  deed  to  the  laud. 
It  is  much  harder  to  establish.  These  rights  take  more  forms  than  the 
rivers  they  control,  aud  are  acquired  by  as  many  methods  as  there  are 
States  to  frame  laws.  In  one  respect  they  are  alike :  No  matter  whether 
the  user  of  water  derives  his  title  direct  from  the  State,  buys  it  from  a 
ditch  company  which  furnishes  water  for  hire,  or  from  the  holder  of  a 
speculative  claim,  it  is  a  source  of  more  perplexity  at  the  outset,  and  of 
more  hours  of  anxious  thought  afterwards,  than  all  the  other  problems 
of  irrigation  combined.  This  is  due  in  part  to  the  fact  that  the  owner- 
ship of  streams  is  new  and  the  nature  of  property  rights  therein  un- 
certain; but,  whatever  the  reason,  the  fact  remains  that  the  irrigator 
whose  water  right  does  not  furnish  grounds  for  either  an  inquiry  or  a 
grievance  is  a  rare  exception.  Nor  are  irrigators  alone  in  finding  the 
limits  of  a  water  right  hard  to  define  or  the  problems  of  stream  owner- 
ship hard  to  solve.  Lawmakers  and  courts  have  both  found  them 
equally  perplexing. 

The  reasons  for  this  are  not  obscure.  Because  of  uncertainty  of 
what  these  rights  should  be,  or  difference  of  opinion  on  that  question, 
the  irrigation  laws  of  many  States  have  been  made  so  ambiguous  and 
contradictory  that  the  finite  intellect  is  not  able  to  interpret  their 
meaning.  As  a  result  there  are  laws  and  court  decisions  to  sustain 
about  every  view  of  stream  ownership  of  which  the  mind  of  man  can 
conceive,  and  in  some  cases  they  are  all  found  in  the  statutes  and 
decisions  of  a  single  State. 

The  following  will  serve  to  illustrate  what  is  meant: 

The  General  Government  in  1866  practically  abrogated  all  control 
over  nonnavigable  streams  used  in  irrigation  by  recognizing  local  laws 
and  customs  on  this  question.  Subsequently  it  passed  the  desert-land 
act,  which  defines  what  a  right  to  the  use  of  water  in  the  irrigation  of 
that  land  shall  embrace.^    This  act  has  been  made  a  basis  for  a  conten- 


'  Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembledf  That  it  shall  bo  lawful  for  any  citizen  of  the  United  States,  or 
any  person  of  requisite  age  *'  who  may  bo  entitled  to  become  a  citizea,  awv\  >»;\jL<^\sa»» 
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tiou  on  the  part  of  many  irrigators  thattliey  do  not  derive  their  rights 
from  State  lawH  at  all  but  from  this  national  act,  an<l  that  the  party  who 
acquires  a  title  to  laud  under  the  desert  act  is  indei)endent  of  State 
laws  governing  water  rights.  The  General  (lovernment,  however,  does 
not  in  any  way  exercise  control  over  streams  or  protect  these  rights, 
but,  on  the  contrary,  recognizes  local  laws,  in  many  instances  accepting 
as  evidence  of  title  to  water  documents  which  have  no  more  real  force 
and  effect  than  would  a  certified  copy  of  the  Declaration  of  Independ- 
ence. 

One  of  the  States  included  in  this  discussion  has  ma<le  the  common- 
law  doctrine  of  riparian  rights  a  ])art  of  its  organic  law.  The  8U])reme 
court  of  another  State,  in  setting  this  doctrine  aside,  thus  describes 
the  eifects  of  its  adoption  in  any  State  where  irrigati(m  is  reifuired: 

Ripariau  ri^htH  bavo  never  been  reco^ui/cd  in  tbiH  Trmtory,  or  in  aujf  State  or 
Territory  where  irrigation  ia  necenaary,  for  tbe  apprupriatioD  of  water  for  tlie  purpofie 
of  irrigation  is  entirely  and  iinavoidalily  in  conllirt  witb  ibe  eoninion-law  doctrine 
of  riparian  proprietorrihip.  If  tbat  bad  been  reeofrnj/ed  and  applieil  in  this  Terri* 
tory,  it  woiibl  still  be  a  desert;  for  a  man  owning  10  acres  of  land  on  a  stream  of 
water  capable  of  irrigating  1,(M)()  a<Tes  of  land  or  more  near  its  niontb  uonld  pre- 
vent tbo  settlement  of  all  tlie  land  above  bini;  for  at  common  law  tbe  riparian 
proprietor  is  entitled  to  have  the  water  flow  in  qnantity  and  (pia lily  past  bis  land 
as  it  was  wont  to  do  wben  be  acquired  title  tbereto,  and  thin  ritjht  %h  utterly  irrecon^ 
cilahle  with  the  une  of  water  for  irrigation.  The  legislature  of  this  Territory  has  always 
ignored  tbis  claim  of  riparian  propriotors,  and  tbe  )>ractice  and  usages  of  tbe  fnhab- 
itant-s  have  never  considered  it  applicabU^  and  have  never  regarded  it.  (Stowell  v. 
JoliDSon,  26  Pac.  Rep.,  2JK).) 

The  same  State  whicli  has  in  one  law  reqnired  that  streams  shall  not 
be  diminished  in  volume  has  in  another  law  le<;alized  the  <;onstruction 
of  ditches  to  take  water  out  of  those  streams  and  the  appropriation  of 
the  water  to  fill  those  ditches. 

In  another  State  where  the  constitution  makes  water  pnhlic  j)roperty 
and  dedi<'ates  its  umc  to  the  i)eople  the  hohlers  of  rights  thereto  are 
treating  them  as  personal  pro]>erty  and  selling  the  stream's  Ihiw  exactly 
as  they  would  bushels  of  wheat  or  yards  of  <;l()th.  The  laws  of  this 
State  require  tiiat  appropriations  shall  be  for  beni'licial  uses,  yet  appro- 
priations for  large  volumes  of  water  are  being  sustained  where  it  is 

filed  bis  declaration  to  become  sucb."  and  upon  payment  of  twenty-five  cents  per 
acre,  to  tile  a  declaration,  under  oatli,  witb  tbe  register  and  receiver  of  the  laud 
district  in  wbicb  any  desert  land  is  situated,  tbat  be  intends  to  reclaim  a  tract  of 
desert  land  not  exceeding  one  section,  by  conducting  water  u[)on  tbe  same,  within 
tbe  period  of  three  years  tbereaft<'r:  Prorided^  howerer,  Tbat  tbe  right  to  tbe  use  of 
tbe  water  by  tbe  jierson  ho  conducting  tbe  same  on  or  to  any  tract  of  desert  land  of 
six  hundred  and  forty  acres  sball  depend  upon  bona  tide  )>rior  a]i]iro])riation;  and 
such  right  shall  not  exceed  tbe  amount  of  wat4:r  actually  appropriat4-d,  anrf  nervB' 
$arily  nited  for  the  purpose  of  irrigation  and  reclamation ;  and  all  surplus  water  over 
and  above  such  actual  appro])riation  and  use,  together  with  the  water  of  all  lakes, 
rivers,  and  other  sources  of  wat(*r  supply  upon  tbe  pnblic  lands,  and  not  navigable, 
shall  be  held  and  remain  free  for  the  ap))ro])riation  and  use  of  tbe  public  for  irri- 
gation, mining  and  manufacturing  purposes,  subject  to  existing  rights.  (Forty- 
fourth  Congress,  2d  session,  chap.  107.) 


admitted  that  the  water  was  not  used  for  any  purpose,  beneficial  or 
otherwise,  for  twenty  years  aft«r  the  priority  of  right  was  established. 

In  some  States  the  law  is  so  ambiguous  that  no  one  can  tell  from  its 
terms  whether  a  right  to  water  is  acquired  by  posting  a  notice  on  the 
bank  of  the  stream,  by  building  a  ditch  to  divert  it,  or  by  spreading 
it  over  the  arid  plain  to  make  it  productive.  There  is  equal  uncer- 
tainty about  the  nature  of  the  title  after  it  is  acquired.  Some  contend 
that  whoever  files  a  location  claim  on  a  stream  becomes  the  absolute 
owner  of  what  he  claims;  others  that  the  right  is  restricted  to  the 
capacity  of  the  ditch,  but  that  the  ownership  is  absolute  and,  when 
once  acquired,  can  be  moved  to  other  ditches  or  other  lands.  There 
are  others  who  hold  that  streams  are  public  property;  that  no  right 
except  that  of  use  is  or  should  be  conferred;  that  this  right  is  insepa- 
rable from  the  place  where  acquired  or  the  use  by  which  acquired,  and 
that  rights  for  irrigation  do  not  inhere  in  either  the  individual  who 
makes  the  filing,  or  in  the  ditch  which  diverts  the  stream,  but  in  the 
land  reclaimed,  and  is  inseparable  therefrom.  In  the  decisions  of  a 
single  State  it  has  been  held  that  water  can  not  be  appropriated  for 
one  purpose  and  then  used  or  sold  for  another;  iii»a  succeeding  deci- 
sion the  right  to  sell  an  appropriation  irrespective  of  use  has  been 
upheld.  In  the  same  State  it  has  been  held  in  one  decision  that  the 
size  of  the  ditch  determines  the  volume  of  the  appropriation,  regardless 
of  the  use  to  which  applied,  while  in  another  decision  the  volume  of 
the  appropriation  was  determined  by  the  acres  which  had  been  irri- 
gated, and  in  still  another  decision  the  construction  of  a  ditch  on  one 
side  of  the  stream  was  held  to  have  established  a  right  to  water  for 
land  on  the  opposite  side  of  tbe  stream  which  had  never  been  irrigated 
and  for  which  the  ditch  was  not  built  for  many  years  after  the  right 
was  acquired. 

As  yet  the  subject  is  new.  Laws  and  customs  are  in  their  formative 
period.  The  views  of  each  user  of  water  are  modified  by  his  knowl- 
edge or  ignorance  of  the  experience  of  other  lands,  and  by  the 
influence  on  his  personal  welfare  which  the  adoption  of  any  particular 
policy  would  have.  These  conditions  make  it  hard  to  enact  laws  which 
will  commit  a  State  to  any  one  of  these  doctrines.  Legislators  have 
preferred  to  avoid  the  subject  or  to  confine  themselves  to  glittering 
generalities  which  begin  and  end  nowhere  so  far  as  the  creation  of  a 
working  code  of  laws  is  concerned.  This  policy  has  been  encouraged 
by  the  fact  that  the  ultimate  importance  of  agriculture  by  irrigation  has 
been  obscured  by  the  present  prominence  of  mining  and  by  the  greater 
profit  to  a  few  stockmen  to  be  gained  from  the  free  use  of  the  public 
land  as  an  open  range. 

But  the  irrigated  lands  of  the  West  are  fertile;  the  climate  is  health- 
ful. In  the  noble  mountains  of  this  region  are  some  of  the  world's 
greatest  sanitariums,  where  many  have  to  go  to  live.  The  remaining 
public  lands  are  arid,  and  irrigation  is  the  hope  of  tbe  home  seeker. 
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With  or  without  laws  for  their  orderly  and  peaceful  use,  the  rivers  of 
the  West  have  been  diverted.  Cities  have  been  built  where  once  the 
coyote  was  the  only  inhabitant.  The  sagebrush  and  cactus  plain  is 
now  dotted  with  orchards  and  grain  fields.  The  river  which  once  ran 
idly  to  the  sea  has  become  the  lifeblood  of  the  industries  and  the  hope 
of  more  than  one-fourth  of  this  country.  On  its  right  division  and 
use  binge  the  returns  from  the  millions  invested  in  ditches  and  canal8| 
and  the  value  of  thousands  on  thousands  of  homes. 

Colorado  leads  all  the  States  in  the  production  of  the  precious  metals, 
but  the  yearly  return  from  her  irrigated  fields  is  nearly  double  the 
value  of  the  yearly  output  of  the  mines.  In  a  half  century  the  cash 
value  of  rights  to  her  streams  has  risen  to  over  seventy  millions  of 
dollars.^ 

On  many  rivers  there  are  now  a  multitude  of  claims  to  the  common 
supply.  These  rights  have  to  be  defined  in  some  way.  If  laws  do  not 
define  them,  a  resort  to  the  courts  is  all  that  intervenes  between  the 
just  rights  of  water  users  and  anarchy.  In  many  States  the  exigencies 
created  by  a  failure  to  enact  an  administrative  code  have  compelled  the 
courts  to  become  itractically  both  the  creators  an<l  enforcers  of  water 
laws.  They  have  to  devise  a  procedure  for  adjudications,  supplement 
the  statute  law  in  deciding  what  rights  have  been  established,  and 
finally  have  to  protect  irrigators'  priorities  by  a  liberal  exercise  of  gov- 
ernment by  injunction.  The  growing  volume  of  this  litigation,  together 
with  the  uncertain  and  contrailictory  character  of  many  of  the  decis- 
ions, is  making  it  a  heavy  bunlen  to  irrigators  and  a  serious  menace 
to  progress.  Unless  it  can  in  some  way  be  restricted,  it  threatens  to 
impair  the  value  of  investments  in  ditches  and  the  success  of  this 
form  of  agriculture.  In  ten  years  the  water-right  litigation  of  one 
State  is  estimated  to  have  cost  over  a  million  dollars.  In  many  sections 
it  has  exceeded  the  money  exx>ended  in  constructing  the  ditches  in 
which  it  has  its  origin. 

These  conditions  are  not  met  with  in  every  State.  In  two  States  it 
costs  an  appropriator  less  to  establish  his  right  to  water  than  it  does 
to  prove  up  on  the  land  it  fertilizes,  and  it  is  done  by  the  same  direct 
methods.  Litigation  is  conspicuous  for  its  absence,  either  in  acquiring 
water  rights  or  in  preventing  interference  by  subsequent  appropriators 
with  their  enjoyment.  In  these  two  Stiites  public  control  of  streams 
is  as  much  a  part  of  the  State  government  as  is  the  (control  of  public  ' 
land  a  part  of  the  National  Government. 

Wherever  rights  to  water  are  restricted  to  its  beneficial  use,  and 
where  such  use  is  followed  promptly  by  the  determination  of  the  extent 
of  such  rights,  controversies  are  as  rare  as  they  are  over  land  filings; 
and  where  these  laws  begin  by  prohibiting  speculative  filings  and  eiul 
with  adequate  protection  for  just  ones  there  are  no  more  contests 
among  farmers  who  depend  on  rivers  than  there  are  between  those 
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who  depend  on  rain.  Litif^tion  does  not  arise  because  irrigators 
desire  it.  It  has  its  origin  either  in  ignorance  of  the  law  or  in  its 
imperfections. 

To  end  it  the  users  of  water  must  be  informed.  They  not  only  need 
a  better  understanding  of  their  own  laws,  but  to  know  how  rivers  are 
managed  in  other  countries,  so  that  their  experience  may  be  utilized. 
In  a  large  measure  we  are  dealing  blindly  with  a  question  which  in  all 
ages  and  all  lands  has  taxed  the  wisdom  of  the  ablest  minds.  The 
General  Government  aids  settlers  by  publishing  explicit  directions  for 
filing  on  public  land  and  acquiring  title  thereto,  but  no  such  instruc- 
tions have  ever  been  issued  to  direct  users  of  wat^r  in  acquiring  a 
right  to  the  volume  needed  to  give  the  irrigated  home  a  value.  The 
pages  which  follow  are  intended  to  supply  in  part  this  omission. 

CHARACTER  OF  IRRIGATION  FROM  MISSOURI  RIVER 

Id  considering  the  problems  which  these  different  State  laws  present 
none  seem  more  perplexing,  nor  in  their  larger  aspect  more  illogical, 
than  the  change  which  occurs  in  the  control  and  in  the  forms  of  owner- 
ship of  a  river  when  it  crosses  a  State  boundary.  The  Big  Horn  River 
is  the  same  stream  after  it  leaves  Wyoming  that  it  was  before  it  crosrsed 
the  imaginary  line  which  separates  that  State  from  Montana,  and  users' 
needs  are  the  same;  but  the  interval  required  in  this  passage  marks  a 
revolution  both  in  the  forms  of  proprietorship  in  the  stream  recognized 
by  law  and  in  the  manner  of  their  creation.  It  has  seemed,  therefore, 
that  by  confining  the  discussion  to  a  single  river  the  nature  of  the 
fundamental  problems  could  be  more  clearly  set  forth.  The  States 
embraced  in  this  discussion  are  Kansas,  Nebraska,  North  and  South 
Dakota,  Wyoming,  Montana,  and  Colorado.  They  form  a  part  of  the 
Missouri  River  basin  and  their  laws  control  the  portion  of  its  waters 
used  in  irrigation.  The  following  are  the  reasons  for  selecting  this 
stream : 

It  is  the  largest  river  of  the  arid  region.  The  area  and  fertility  of 
land  which  can  be  reclaimed  makes  it  certain  that  in  time  the  value 
of  its  products  and  the  number  of  people  supported  by  agriculture  will 
make  it  a  worthy  rival  of  the  Nile.  The  most  effective  laws  have  been 
enacted  by  the  Statues  drained  in  part  by  its  tributaries,  so  that  we  are 
dealing  with  the  best  rather  than  the  worst  conditions.  Throughout 
the  entire  arid  and  semiarid  district  which  it  traverses  agriculture  is 
of  the  same  character.  It  is  one  of  the  foremost  stock-raising  and  grain- 
growing  sections  of  the  country.  So  far  as  its  productions  or  the  needs 
of  its  farmers  are  concerned,  there  is  no  more  reason  for  half  a  dozen 
water  laws  than  there  would  be  for  that  many  different  systems  of 
acquiring  titles  to  land.  On  the  other  hand,  the  complications  which 
would  grow  out  of  a  half  dozen  land  systems  are  not  to  be  compared  to 
the  complications  which  are  being  created  by  half  a  dozen  different 
water  laws,  because  these  different  titles  to  water  and  different  metUada 
of  acquiring  them  all  refer  to  a  common  »\xpig!V^ . 
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Irrigation  in  the  Korthicest  Territories  of  Canada. — Some  of  the  tribu- 
taries of  the  Missouri  rise  iu  the  Northwest  Territories  of  Canada — a 
region  so  like  Montana  and  Dakota  that  laws  which  work  well  in  one 
country  will  be  a  success  in  the  other.  The  application  of  the  Canadian 
laws  to  a  portion  of  the  Missouri's  watershed  makes  their  consideration 
desirable,  aside  from  their  influence  on  international  water  right  ques- 
tions. We  ought  to  know  what  those  laws  are.  They  are  worthy  of 
our  study  because  the  control  of  streams  in  those  Territories  is  only 
approached  in  efficiency  and  directness  by  two  of  the  States  on  this 
side  of  the  boundary.  The  Northwest  Territories  have  therefore  been 
included. 

HATURE  OF  THE  PROBLEMS. 

The  map  of  the  Missouri  Valley  (PI.  I,  frontispiece)  shows  the  region 
included  in  this  discussion.  It  embraces  an  area  of  491,400  square 
miles — almost  twice  as  large  as  the  original  thirteen  colonies.  In  over 
two- thirds  of  this  area  irrigation  is  a  necessity;  in  all  it  would  be  a 
benefit.  The  stream  gaugiugs  at  Kansas  City  give  the  ruu-off'  of  this 
watershed,  and  in  a  rough  way  enable  us  to  determine  the  extreme 
limits  of  the  acrenge  which  can  be  reclaimed.  The  diagram  on  page  13 
shows  both  the  daily  and  seasonal  discharge  for  the  years  1881  and 
1885.  From  these  it  will  be  seen  that  the  water  which  ran  to  waste  in 
1881  (67,937,000  acre  feet)  would  have  more  than  sufficed  to  cover  all 
New  England  1  foot  deep.  In  1885  this  discharge  fell  to  48,377,000  acre- 
feet,  and  in  the  other  years  in  which  the  record  hjis  been  examined  it 
fluctuated  between  these  two  extremes.  Not  all  of  this  water  can  be 
utilized.  The  fluctuations  in  discharge  are  much  greater  than  the 
variations  in  the  use  of  water.  Without  storage  a  very  large  percent- 
age must  run  to  waste,  and  even  with  storage  not  all  can  be  utilized. 

There  have  not  been  enough  measurements  of  the  quantity  of  water 
required  to  irrigate  an  acre  of  land  to  afford  a  basis  for  even  an  approx- 
imate esfiniate  of  what  the  available  volume  of  this  stream  will  reclaim. 
An  acre  of  any  crop  in  Nebraska  or  Kansas,  where  there  is  20  inches 
of  rain,  requires  less  water  than  it  does  in  parts  of  Wyoming,  where  the 
rainfall  is  only  one  half  this  depth.  It  will  also  depend  on  tlie  kind 
of  crops  grown.  It  takes  more  water  to  produce  an  acre  of  native  hay 
than  it  does  2  acres  of  potatoes,  so  that  there  are  numerous  elements 
which  make  any  attempt  at  fixing  the  ultimate  acreage  which  will  be 
irrigated  a  hazardous  performance.  Taking  the  results  which  have 
been  secured  with  smaller  volumes  of  water,  where  both  the  acreage  of 
land  and  the  water  which  reclaims  it  have  been  definitely  determined, 
it  does  not  seem  an  extravagant  estimate  to  say  that  the  Missouri  and 
its  tributaries  are  capable,  if  rightly  used,  of  reclaiming  from  barren- 
ness nearly  a  half  million  80-acre  farms;  nor  does  this  contemplate 
exhausting  the  stream.  A  large  percentage  of  the  volume  diverte<l 
will  return,  so  that  if  every  drop  which  enters  the  river  and  its  tribu- 
tariea  were  taken  out  so  much  would  return  that  the  mo%t  ?L^vvvT^\it 
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result  Toald  be  the  equalizing  of  the  flow  of  the  main  stream.  Tbere 
would  be  lesa  water  in  June  and  more  in  October.  It  must  be  remem- 
bered that  the  diagram  (fig.  1)  shows  only  the  surplas.  On  many  of 
the  tributaries  the  summer  flow  was  entirely  used  at  the  time  these 
measurements  were  made.  At  that  time  millions  of  dollars  had  been 
expended  in  ditches,  and  many  thousands  of  homes  were  being  made 
prosperous  by  the  use  of  the  water.  Since  that  time  many  more  mil- 
lions have  been  expended,  but  still  the  floods  of  June  are  a  source  of 
destruction  to  the  dwellers  along  the  river  below,  while  the  escape  of 
the  early  summer's  discbarge  of  water  is  a  still  more  serious  injury  to 
the  farms  above.     We  are  seriously  considering  the  beginning  of  a  great 
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national  improvement  in  the  construction  of  storage  basins  on  the 
head  waters  of  this  river  to  protect  people  at  the  lower  end  of  the  river 
from  floods,  and  to  relieve  those  at  the  source  from  drougii  t.  This  gives 
to  the  control  of  its  waters  a  national  interest  and  importance.  But 
whether  or  not  this  be  done,  the  more  diversion  and  use  of  the  natural 
flow  have  already  created  property  rights  of  immense  present  and  far 
greater  prospective  value.  There  is  no  national  or  Stiito  law  which  so 
directly  affects  the  success  of  the  irrigator  as  that  defining  his  right 
to  water.  Whoever  owns  a  river  practically  owns  the  laud  it  irrigates^ 
no  matter  who  holds  the  patent  thereto,  aoA  t\\e\fti-w*>.^\i\(Jv.\  ^ftSwifeXSisA 
ownership  are  tbe  most  important  wlivcU  any  itrigaSftA-'SXaSR.Na  tyiSisA. 
apou  to  enact. 
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It  is  only  in  receut  years  that  the  ultimate  importance  of  these  ques- 
tions has  come  to  be  realized.  The  first  irrigation  codes  were  devised 
to  meet  immediate  needs  and  the  evolution  in  each  State  has  been  much 
the  same,  although  it  has  gone  farther  in  some  than  in  others.  When 
the  first  settlers  began  the  construction  of  ditches  there  were  no  laws 
governing  water  titles.  The  pioneer  irrigator  selected  a  location  on  a 
creek  or  rivulet  where  it  could  be  cheaply  controlled  and  built  his  ditch 
to  reclaim  the  land  it  watered  without  making  any  record  of  his  diver- 
sion  or  any  claim  for  an  appropriation.  He  recognized  the  need  of 
fihng  on  the  land  because  past  experience  had  shown  him  its  value  and 
the  need  of  a  definite  title  thereto;  but  all  his  past  ex|>erieuce  and  his 
inherited  prejudices  were  opposed  to  the  ownership  of  water  or  any 
laws  to  regulate  its  control.  The  early  users  had  all  there  was,  and  so 
long  as  the  sux)ply  was  ample  one  right  was  as  good  as  another.  But 
later  other  settlers  came,  and  other  ditches  were  built,  until  on  many 
small  streams  the  demand  exceeded  the  supply.  Whenever  this  con- 
dition arises  there  is  need  of  a  law  to  define  and  protect  rights.  With- 
out it  position  counts  for  everything.  The  irrigator  at  the  hea<l  of  the 
stream  takes  whatever  he  chooses;  those  lower  down  take  what  is  lefL 
When  the  supply  is  exhausted  they  go  without. 

In  no  State  have  laws  been  enacted  until  someone's  crops  began  to 
wither  because  of  diversions  above.  Before  any  important  laws  were 
framed  the  questions  to  be  settled  had  been  complicated  by  a  modifi- 
cation of  the  primitive  apjuopriations.  When  the  first  riglits  were 
established  the  irrigator  was,  as  a  rule,  the  owner  of  both  the  ditch 
and  the  land  it  watered.  He  filed  on  the  stream,  diverted  the  water, 
transported  it  to  the  field,  and  used  it  on  land  he  owned.  But  on  larger 
streams  the  individual  farmer  can  not  do  this.  There  great  <lams  must 
be  built  and  substantial  head  gates  constructed  to  control  the  torrents 
which  beat  against  them.  The  main  canals  stretch  away  for  scores  of 
miles,  skirting  clifl's  and  crossing  ravines  on  Humes  and  trestles  that 
require  the  highest  engineering  skill  in  their  design  and  construction. 
The  majority  of  the  canals  of  this  character  have  been  built  by  cap- 
italists who  do  not  use  the  water  diverted,  but  furnish  it  to  others. 
When  it  comes  to  a  determination  of  these  rights,  therefore,  the  ques- 
tion arises  as  to  who  is  the  appropriator.  In  whom  do<»s  the  right  to 
the  water  inhere?  Is  it  the  owner  of  the  canal  which  takes  it  from  the 
stream,  or  the  farmer  who  uses  it  on  the  land  t  There  are  other  ijues- 
tions.  How  and  when  is  an  appmpriation  made,  and  what  measures 
its  amount!  Is  it  by  filing  a  claim,  building  a  ditch,  or  beneficially 
using  the  supply?  Is  the  volume  measured  by  the  (juantity  which 
canals  or  water  ways  will  take  from  the  stream,  or  by  the  volume  which 
has  been  actually  used!  These  are  fundamental  (luestions  which  every 
State  must  definitely  answer  before  water  rights  be<'onie  secure. 

The  right  of  each  of  these  States  to  ccmtrol  the  diversion  of  its 
streams  is  not  the  same.     In  the  Northwest  Territories  streams  are 
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declared  to  be  the  proi)erty  of  the  Crown.  In  Wyoming  both  sorface 
and  subterranean  water  supplies  are,  by  the  constitution,  made  the 
property  of  the  State.  As  this  document  was  ratified  by  Congress, 
State  ownership  is  a  part  of  the  compact  between  the  State  and  Gen- 
eral Government.  The  constitution  of  Colorado  makes  water  public 
property.  In  the  other  States  the  right  to  enact  laws  on  this  question 
is  based  upon  the  act  of  Congress  recognizing  local  laws  and  customs. 
In  the  Korthwest  Territories  and  in  Montana,  Wyoming,  and  Colorado 
riparian  rights  are  abrogated.  In  South  Dakota  the  question  of  their 
abrogation  is  now  before  the  State  supreme  court.^  Kansas  is  divided. 
West  of  the  ninety-ninth  meridian  the  doctrine  of  appropriation  pre- 
vails. East  of  it  riparian  rights  are  recognized.  The  adoption  of  the 
common  law  in  the  Nebraska  constitution  makes  riparian  rights  a  part 
of  the  organic  law  of  that  State.  The  statutes,  however,  make  the 
right  to  appropriate  water  as  absolute  as  do  the  water  laws  of  either 
Colorado  or  Wyoming,  and  the  courts  seem  disposed  so  to  restrict  the 
rights  of  riparian  proprietors  as  not  to  interfere  with  the  use  of  water 
in  irrigation.  The  importance  of  this  question  to  that  State  and  the 
need  of  all  the  available  water  supply  in  the  reclamation  of  lands  in 
the  western  half  of  it  makes  it  desirable  that  this  apparent  conflict 
between  the  constitution  and  irrigation  code  be  remedied  at  an  early 
date. 

In  Colorado,  Kansas,  and  the  Northwest  Territories  rights  for  domes- 
tic purposes  are  superior  to  those  for  irrigation.  It  does  not  matter 
how  early  a  right  for  irrigation  is  accjuired,  if  the  subsequent  increase 
in  population  augments  the  demand  for  domestic  purposes  beyond  the 
stream^s  discharge  the  earlier  irrigation  right  may  be  destroyed  thereby. 
In  the  other  States  those  first  in  time  are  first  in  right.  The  holder  of 
the  first  appropriation  can  take  the  volume  to  which  he  is  entitled  before 
any  later  rights  are  recognized.  The  holder  of  a  second  right  is  enti- 
tled to  his  appropriation  from  what  remains,  and  so  on  in  succession 
until  the  stream  is  entirely  diverted.  If  there  are  any  subsequent 
rights  remaining,  their  holders  go  without.  The  value  of  an  irrigated 
farm  depends  largely,  therefore,  on  the  priority  number  of  its  water 
right,  or  rather  on  the  volume  of  superior  rights. 

WATER-BIOHT  FUIirOS. 

Every  working  code  of  irrigation  laws  should  provide  for  three 
things,  and  its  success  depends  largely  on  the  way  this  is  done. 
These  are : 

(1)  An  accessible  and  trustworthy  record  of  preliminary  filings  on 
streams. 

(2)  A  clear  definition  of  water  rights  and  a  simple,  orderly,  and  inex- 
pensive procedure  for  their  determination. 

'  FarweU  v.  The  City  of  Sturgis. 
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(3)  Some  means  of  dividing  streams  in  times  of  scarcity  in  order  that 
the  holders  of  prior  rights  may  be  protected* 

Among  the  reasons  for  requiring  a  notice  and  record  of  proposed 
diversions  are  the  following: 

(1)  They  are  needed  as  a  protection  to  existing  rights.  Those  who 
have  bailt  ditches  and  expended  their  labor  and  money  in  reclaiming 
land  ought  to  be  informed  of  each  new  ditch  projected,  because  it  may 
be  60  located,  or  of  such  dimensions,  as  to  seriously  diminish  the  com- 
mon supply  of  water  and  work  an  injury  to  existing  rights  far  greater 
than  the  benefit  to  the  proposed  builders.  To  prevent  this,  the  notice 
should  be  of  such  character  that  all  who  desire  to  keep  informed  can 
do  so,  and  they  should  have  an  opportunity  to  protest  if  the  protec- 
tion of  existing  rights  makes  this  necessary. 

(2)  They  are  needed  as  a  guide  to  settlers  and  to  ])urchasers  of  irri- 
gated farms. 

The  first  thing  an  intending  purchaser  of  irrigated  land,  or  a  settler 
on  a  farm  which  has  to  be  irrigated,  should  do  is  to  inform  himself 
fully  as  to  its  title  to  water.  The  priority  number  of  its  approi>nation 
and  the  number  and  location  of  other  rights  are  all  of  the  utmost 
importance,  and  it  requires  some  knowledge  of  these  facts  to  determine 
whether  the  pax)er  title  has  any  value,  or  whether  the  volume  of  supe- 
rior claims  makes  it  either  a  fiction  or  fraud. 

(3)  They  are  needed  as  a  protection  to  those  proi)osing  to  build  new 
ditches  or  reclaim  additional  land. 

The  building  of  large  canals  and  the  settlement  of  the  land  under 
them  takes  time.  It  is  not  a  matter  of  months  but  of  years.  It  has 
taken  over  twenty  years  to  settle  the  land  under  some  of  the  canals 
along  the  Pondre  River  in  Colorado,  one  of  the  foremost  agricultural 
valleys  of  the  West.  The  Development  Canal  in  Wyoming  was  begun 
in  1883;  in  1898  not  one-half  the  land  it  waters  is  under  cultivation. 
The  Bear  Biver  Canal  in  Utah,  the  Dearborn  Canal  in  Montana,  the 
Oothenburgh  Canal  in  Nebraska,  and  scores  of  others  are  all  illustra- 
tions of  the  fact  that  the  reclamation  of  arid  land  is  slow  and  that  one 
of  the  first  things  to  be  looked  after  is  to  protect  those  wlio  begin  this 
work  from  the  danger  of  the  creation  of  fraudulent  or  extravagant 
rights,  by  means  of  which  an  abundant  w^ater  8ui)ply,  which  existed 
when  a  canal  was  begun,  will  have  been  absorbed  before  it  was  com- 
pleted. This  is  no  fancied  danger  or  imaginary  abuse.  The  loose 
methods  of  recording  claims  and  the  imperfect  procedure  for  establish- 
ing rights  which  prevail  in  so  many  States  makes  ditch  building  on 
many  streams  one  of  the  most  hazardous  forms  of  investment,  when 
under  proper  laws  it  could  be  made  one  of  the  most  secure.  There  are 
few  rights  for  irrigation,  even  under  the  smallest  ditches,  which  are 
perfected,  through  the  actual  beneficial  use  of  water,  in  less  than  five 
years.  There  are  many  where  a  quarter  of  a  century  elapsed  between 
the  turning  of  the  first  furrow  on  the  ditch  and  the  moistening  of  some 
of  the  laud  it  was  built  to  reclaim.    Every  condition  surrounding  the 
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creation  of  a  water  rigbt  makes  the  need  of  an  absolutely  correct  and 
definite  statement  of  the  purpose  of  the  appropriation  imperative.  The 
time  required  to  use  the  water  and  the  fact  that  conflicting  rights 
are  being  established  elsewhere  on  the  same  stream  at  the  same  time, 
make  it  desirable  that  each  claimant  should  describe  his  own  project  so 
certainly  that  no  one  else  can  contest  his  right  because  of  changes, 
and  that  all  others  shall  be  equally,  specific  in  order  that  he  maybe 
fully  informed,  when  he  begins,  of  all  the  possible  opposing  rights 
which  can  be  acquired.  Without  this,  the  temptation  to  exaggerate 
is  too  strong  to  be  resisted. 

It  is  the  common  experience  of  courts  and  boards  of  control  that 
there  is  frequent  disregard  for  the  sanctity  of  an  oath  in  proving  up  on 
a  w^ater  claim,  and  the  fact  that  many  of  these  ditches  are  built  in 
sparsely  settled  regions,  where  no  one  but  the  owner  knows  when  work 
began  or  the  rate  of  progress  in  construction,  makes  the  temptation  to 
advance  the  date  or  augment  the  capacity  very  great,  when  there  is 
no  official  guide  to  memory  or  official  check  on  the  imagination.  A 
recent  experience  of  the  Wyoming  board  of  control  will  serve  to  illus- 
trate this.  In  the  determination  of  some  rights  to  a  small  stream, 
acquired  under  Territorial  laws,  the  claimants  submitted  proof  of  the 
date  when  ditches  were  built  and  water  used.  The  stream  was  ovtT- 
appropriated,  the  cutting  of  timber  on  the  mountains  having  greatly 
lessened  the  water  supply  in  recent  years,  so  that  the  establishment 
of  an  early  priority  was  of  the  utmost  importance.  One  of  the  appro- 
priators  submitted  a  written  sworn  statement  that  he  built  his  ditch  in 
1879.  This  was  contested,  and  at  the  contest  hearing  he  swore  that  he 
purchased  the  completed  ditch  in  1883.  The  records  of  the  engineer's 
office  show  that  a  notice  of  this  proposed  ditch  was  filed  in  1886.  It 
was  this  official  record  which  first  disclosed  the  original  error  and 
which  corrected  the  last  one.  Without  this  there  is  little  doubt  that 
the  priority  would  have  dated  nine  or  ten  years  before  the  sod  was 
broken. 

A  notice  should  fix  the  date  when  work  will  begin  and  when  it  is  to 
end.  It  should  do  more  than  claim  the  stream;  it  should  locate  the 
ditch  and  describe  every  acre  of  land  to  be  watered,  and  no  change 
should  be  permitted  without  official  record  and  approval  thereof. 

A  record  of  the  kind  outlined  can  be  secured  only  by  subjecting  the 
statements  filed  to  an  intelligent  and  rigid  official  supervision.  Many 
of  the  parties  desiring  to  build  ditches  know  nothing  of  the  irrigation 
laws  nor  of  the  measurement  of  the  flow  of  streams  or  capacity  of 
ditches.  With  the  best  intentions,  therefore,  they  will  make  such  mis- 
takes as  will  destroy  the  authenticity  of  the  record  if  all  statements 
are  recorded  as  filed.  It  is  the  experience  of  land  officers  that  so 
simple  a  document  as  a  homestead  filing  needs  to  be  examined  before 
being  entered  of  record.  Fully  one-half  of  the  <' applications  for  per- 
mits" filed  in  the  Wyoming  State  engineer's  office  have  to  be  corrected 
in  some  detail  before  being  recorded. 
10477— No.  58 2 
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THE  TTVO  B7STBMS  OF  FILING  CLAIMS  TO  TVATBR. 

In  tho  region  drained  by  the  Missouri  there  are  two  general  systems 
of  recording  claims.  Kansas  and  Montana  have  one,  Wyoming, 
Nebraska,  and  the  Northwest  Territories  the  other.  The  system  in 
Colorado  is  a  compromise  between  these  two,  while  the  two  Dakotas 
have  no  laws  relative  to  this  matter,  the  South  Dakota  law  of  1881  not 
having  been  included  in  the  amended  laws.  For  convenience  in  dis- 
cussion we  will  call  the  Kansas-Montana  system  the  "first  plan;'' 
that  of  Wyoming,  Nebraska,  and  the  Canadian  Territories  the  "second 
plan.'' 

Under  the  first  plan  parties  desiring  to  acquire  rights  must  post  a 
notice  at  a  conspicuous  jilace  on  the  bank  of  the  stream  at  or  near  where 
the  headgate  of  the  ditch  is  to  be  located,  giving  the  volume  of  water 
claimed,  the  size  of  the  ditch  or  canal  which  is  to  divert  it,  the  date  of 
the  appropriation,  and  the  name  of  the  appropriator.  In  Montana  this 
notice  must  subsequently  be  recorded  in  the  ofllice  of  the  county  clerk 
of  the  county  where  the  ditch  is  situated.  In  Kansas  the  notice  must 
be  i)osted  in  the  office  of  the  county  clerk  and  recorded  in  the  office  of 
the  register  of  deeds  of  the  county  where  the  proposed  headgate  is  to 
be  located. 

The  second  plan  is  based  on  the  theory  that  streams  are  State  prop- 
erty and  the  consent  of  the  State  authorities  is  necessary  to  any  diver- . 
sion  and  use  thereof.  This  is  the  basis  of  the  water  laws  of  the  North- 
west Territories  of  Candida  as  well.  Parties  desiring  to  acquire  a  right 
must  file  an  application  for  a  permit.  In  acciuiring  rights  for  irrigation 
the  ai)plication  must  bo  accompanied  by  a  map  of  the  ditch,  a  descrip* 
tion  of  the  land  to  be  irrigated,  and  must  state  whan  ^vork  will  begin 
and  the  time  desired  for  completion.  In  Wyoming  and  Nebraska  these 
applications  are  filed  with  the  State  engineer,  who  has  to  examine  and 
secure  their  correction  if  not  properly  made  out,  and  to  reject  them  if 
they  propose  to  divert  a  stream  already  appropriated  or  if  tho  diversion  * 
is  of  a  character  detrimental  to  i)ublic  interests.  The  approval  of  the 
permit  fixes  the  conditions  under  which  the  right  is  acipiired,  and  a 
compliance  therewith  is  all  that  is  needed  to  insure  its  establishment. 
Work  can  not  begin,  under  these  applications,  until  they  have  been 
approved  by  the  State  authorities.  The  procedure  in  Canada  differs 
from  the  above  only  in  detail.  There  the  approval  of  the  minister  of 
the  interior  is  required  and  a  preliminary  notice  by  i)ublication  in  the 
Canada  Gazette  and  in  a  local  newspaper  is  necessary. 

It  will  be  seen  that  these  two  ways  of  making  filings  have  nothing 
in  common.  Under  the  first  the  claims  to  one  stream  are  often  scat- 
tered in  a  half  dozen  places.  Those  to  the  Missouri  in  Montana  are 
divided  between  fourteen  counties.  Under  tlie  second  ])lan  all  the 
claims  to  a  main  stream  and  its  tributaries  are  recorded  in  one  office. 
The  first  plan  is  a  claim  of  what  is  wante<l.  The  second  is  a  statement 
of  what  is  to  be  done.    Under  the  first  plan  there  is  no  need  to  be  care- 
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fill  about  the  facts,  because  an  iudefinite  claim  will  be  recorded  as 
readily  as  a  specific  one.  The  nature  of  the  right  established  under 
the  second  depends  ui»on  its  accuracy  and  it  will  not  be  recorded  unless 
definite.  Under  the  first  plan  there  is  no  limit  to  the  number  of  claims 
which  may  be  filed  nor  to  the  volume  of  water  which  may  be  claimed. 
Under  the  second  when  the  applications  describe  uses  which  will 
absorb  a  stream  no  more  rights  can  be  secured.  Systems  so  different, 
applying  not  only  to  the  same  conditions  but  to  the  same  streams,  can 
not  work  equally  well.    One  must  be  better  than  the  other. 

Wyoming  irrigators  file  on  the  upper  half  of  Sage  Greek  under  one 
plan,  and  the  Montana  irrigators  on  the  lower  half  under  the  other. 
An  appropriator  from  the  Kepublican  Eiver  in  Nebraska  must  file  a 
map  of  his  ditch  and  a  description  of  the  exact  land  it  is  to  water,  and 
he  receives  only  a  permit  or  license  to  reclaim  that  land  and  none  other. 
Across  the  line,  in  Kansas,  a  man  can  file  a  claim  to  the  same  stream 
without  a  map  or  list  of  land,  and  it  will  be  recorded  if  he  claims  more 
water  than  flows  in  the  Missouri.  It  is  worth  while  to  know  which  of 
these  two  plans  is  based  on  right  ideas  and  which  has  been  justified 
by  results. 

The  first  plan  requires  intending  appropriators  to  post  notices  on  the 
bank  of  the  stream.  What  is  the  object  of  these  notices!  Many  hours 
have  been  devoted  to  this  inquiry.  The  conclusion  hasalways  been  that 
whatever  service  notices  so  located  could  possibly  render  can  be  much 
more  effectively  and  surely  arrived  at  in  other  ways.  They  are  of  no 
benefit  to  the  proposed  appropriator,  because  they  give  nq  definite  right 
nor  do  they  keep  anyone  else  from  posting  other  similar  notices  beside 
them  if  he  so  desires.  They  are  of  no  service  as  a  warning  to  appropri- 
ators elsewhere  on  the  stream,  because  they  do  not  and  can  not  see  them. 
To  search  for  these  notices  along  the  two  banks  of  the  I^orth  Platte 
River  in  Wyoming  woukl  require  a  journey  of  a  thousand  miles.  To 
look  for  them  along  tlie  Yellowstone  would  require  a  longer  journey. 
Even  on  lesser  streams  such  a  notice  can  serve  no  useful  purpose.  Who 
would  think  of  traversing  the  banks  of  the  Republican  River  for  hun- 
dreds of  miles  hunting  for  location  posts  to  find  who  proposed  to  appro- 
priate its  waters. 

Not  one  irrigator  in  ten  thousand  ever  sees  or  regards  these  notices. 
One  newspaper  notice  would  be  more  effective  than  a  proclamation  of 
this  sort  even  if  the  post  were  a  thousand  feet  high.  No  one  can  think 
of  it  as  a  part  of  the  i^rocedure  in  establishing  a  title  to  water  without 
seeing  how  useless  it  is.  Yet  it  is  a  feature  of  the  water  laws  of  more 
than  half  of  the  arid  States.  IIow,  then,  did  it  originate!  The  answer 
shows  the  strength  of  inherited  ideas  and  what  queer  forms  they 
assume.  It  was  borrowed  from  the  early  custom  of  posting  notices  ot 
land  and  mineral  filings.  The  miner  who  makes  a  placer  location  posts 
a  notice  thereon  telling  the  world  what  he  claims.  This  is  a  reasonable 
and  proper  act,  because  anyone  else  desiring  to  file  on  the  laad^VXL 
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examine  it,  and  in  doing  so  will  see  the  notice.  The  notice  is  where  tt 
ought  to  be,  and  being  there  it  also  controls  the  laud  itself. 

In  like  manner,  settlers  who  located  on  unsarveyed  land  or  in  regions 
remote  from  land  offices,  asserted  their  right  to  possession  by  jiosting  m 
notice  describing  the  boundaries  of  the  land  claimed.  Under  existing 
conditions  this  action  was  necessary  and  effective,  since  the  locatioii 
and  character  of  the  warning  enabled  all  who  had  need  to  know  of  it 
to  see  the  notice.  It  is  otherwise  with  a  claim  to  a  river  which  riaM 
in  mountains  above  and  flows  on  to  users  of  its  waters  miles  below* 
Every  user  of  its  waters  is  affected  by  what  takes  place  in  either  direo- 
tion.  The  farmer  or  miner  who  either  seeks  to  ])rotect  himself  or 
inform  others  by  posting  a  notice  in  some  lonesome  bend  simply  wastes 
his  time. 

Inherited  ideas  are  queer  things.  They  have  done  more  than  to  per- 
petuate a  meaningless  procedure  in  water-right  tilings;  they  are  the 
source  of  some  exceedingly  mischievous  statements  in  the  notices  as 
recorded. 

When  the  early  homesteader  made  his  laud  location  his  notice 
declared  to  all  the  world  that  he  had  a  valid  right  to  the  exclusive 
occupation,  x)OSsession,  and  enjoyment  of  the  land  located  upon,  together 
with  all  the  hereditaments  and  appurtenances  thereunto  belonging  or 
in  anywise  appertaining.  This  was  correct.  He  did  have  exclusive 
ownership;  but  when  he  i)osts  a  notice  on  a  river  bank  stating  that  he 
has  the  exclusive  right  to  the  possession  or  enjoyment  of  its  waterSi 
when  the  stream  is  already  plastered  over  with  other  claims  of  the  same 
nature,  he  only  deceives  himself  when  he  thinks  the  declaration  has 
any  force. 

The  legal  notices  in  use  in  Montana  are  intended  to  be  posted  and 
recorded  before  construction  begins,  and  as  a  rule  they  are  so  posted 
and  recorded;  yet  many  of  them  contain  this  declaration: 

That  John  Brown  docs  hereby  publish  and  declare,  as  a  le^al  notice  to  all  the  worlds 

that  ho  has  a  legal  right  to  the  use,  possession,  and  control  of  and  claiiuH inches- 

of  water  of for  irrigation  and  other  purposcH. 

And  further  along  this  notice  states — 

that  he  appropriated  and  took  said  water,  *  *  *  togoth<'r  witli  all  and  singalar 
the  hereditaments  and  appurtenances  thereunto  belonging  or  a])pertaining  or  to 
accrue  to  the  same. 

It  will  be  observed  that  the  idea  or  purpose  of  acquiring  absolute 
personal  ownership  which  exists  in  all  mineral  locations  is  applied,  at 
least  so  far  as  the  statement  is  concerned,  to  the  filings  on  rivers.  If 
the  language  of  these  notices  is  to  be  construed  literally,  it  is  not  by  the 
building  of  ditches  or  the  applying  of  water  to  beneficial  use  that  the 
right  thereto  is  acquired,  but  by  ])()Sting  this  notice  on  the  bank  of 
the  stream  and  recording  a  copy  of  the  same  in  the  county  clerk's 
office. 


21 

It  does  not  Deed  any  argument  tonshow  that  such  a  law  would  be  so 
repugnant  to  common  sense  and  detrimental  to  the  public  welfare  that 
it  never  could  be  carried  into  effect.  The  use  of  these  misleading 
expressions  has  been  in  the  past  and  is  destined  to  be  in  the  future  the 
cause  of  litigation  and  controversies,  the  ill  effects  of  which  can  scarcely 
be  estimated.  Before  this  discussion  is  completed  it  will  be  shown  that 
not  only  do  irrigators  think  that  the  filing  of  these  claims  gives  them 
the  ownership  of  whatever  volume  they  describe,  but  that  courts  in 
adjudications  have  upheld  that  view,  and  that  scores  of  streams  have 
been  disposed  of  through  the  recognition  of  rights  which  had  nothing 
more  substantial  than  this  claim  to  supx)ort  them. 

EXCESSIVE  CLAIMS  FOR  WATER. 

In  the  later  discussion  of  the  Montana  law  the  filings  on  one  stream 
are  given  (p.  55).  It  is  not  an  exceptional  case.  The  claims  on  scores 
of  other  streams  were  equally  numerous  and  equally  liberal.  In  exam- 
ining the  filings  on  one  stream  it  was  noticed  that  the  claims  varied  in 
volume  from  1  to  5  second-feet,  until  one  claimant,  more  expansive  in 
his  ideas  than  those  who  had  preceded  him,  claimed  300  second-feet. 
This  was  more  than  twice  the  stream's  discharge,  but  every  claim  which 
followed — ten  in  all — was  for  300  second-feet.  This  disposition  to 
claim  everything  in  sight  extends  throughout  the  irrigated  area.  It  is 
not  restricted  to  the  Missouri,  as  the  following  facts  from  the  record  in 
another  river  basin  show.  The  Boise  River,  when  gauged  in  Septem- 
ber, 1898,  showed  a  discharge  of  698  second-feet,  or  34,900  statute 
inches.  The  official  records  of  one  of  the  three  counties  through  which 
this  river  flows  show  151  claims  for  water  from  this  stream,  amounting 
in  the  aggregate  to  6,361,800  inches.  Thus,  with  less  than  35,000  inches 
in  the  stream  at  its  lowest  stage  when  measured  and  with  probably  not 
to  exceed  fifty  times  that  discharge  at  the  flood  season,  we  have  ^ere 
claims  to  6,361,800  inches,  with  all  the  hereditaments  and  appurte- 
nances thereunto  belonging  or  in  anywise  appertaining,  and  this  with-  • 
out  including  the  claims  of  the  county  above  or  the  county  below. 

A  land  system  which  would  accept  a  score  of  filings  for  the  same 
quarter  section  and  then  leave  the  settlers  to  fight  for  its  possession  in 
the  courts  would  not  be  held  in  high  esteem.  A  water-right  law  which 
places  no  restrictions  on  the  claims  to  streams  is  just  as  illogical  and 
as  fraught  with  needless  abuses.  To  say  the  least,  these  records  are  of 
little  or  no  value.  They  are  worse.  They  are  a  makeshift  which  mis- 
leads and  deceives  everyone  who  relies  on  them.  No  worse  element  can 
be  introduced  into  a  working  code  of  laws. 

Wyoming  and  Nebraska  began  with  a  filing  law  similar  to  those  of 
Montana  and  Kansas.  Experience  showed  that  reform  was  necessary. 
It  was  not  alone  the  fact  that  the  record  was  both  inaccessible  and 
unreliable.    This  was  bad  enough,  but  the  more  serious  Q>b^<^«^\x^T^  ^^ss^ 
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tbat  filing  did  no  good.  There  was  no  way  to  stop  filing  claims  when 
the  stream  was  exhausted.  There  wa«  no  way  to  tell  what  claims  were 
followed  by  construction  and  what  not.  There  was  no  way  to  cancel 
and  get  rid  of  those  which  began  and  ended  with  the  filing.  There 
was  no  way  to  i)rotect  actual  users  when  the  supply  ran  short.  In 
brief,  it  was  not  a  working  plan. 

Whenever  users  needed  protection  they  ha<l  to  go  to  the  courts,  aud 
when  they  did  this  the  county  record  became  one  of  two  things:  Either 
rubbish  or  a  mena<*e  to  a  just  settlement.  Wyoming's  experienoe 
showed  it  could  be  both.  Litigation  to  settle  the  rights  on  Grow  Creek 
was  begun  while  this  law  was  in  force,  and  each  claimant  brought  into 
court  his  water  claim  duly  recorded  with  the  county  clerk  as  evidence 
of  title  to  water.  The  ccmrt  accepted  it  as  reasonable  and  conclusive. 
As  a  result,  rights  to  485  second-feet  were  decreed  out  of  a  creek  which 
seldom  carries  over  10  second-feet  and  of  which  the  normal  flow  is  but 
little  over  5  second-feet.  Not  one  acre  in  ten  for  which  claims  were 
filed  had  ever  been  watered.  Many  of  the  ditches  had  not  then  and 
have  not  since  taken  a  drop  of  water  from  the  creek.  So  far  as  diver- 
sion and  use  were  concerned,  many  were  wholly  without  foundation. 
A  right  would  have  been  just  as  valid  if  its  holders  had  simply  looked 
at  the  creek  and  then  filed  an  *^ appropriation"  with  the  clerk. 

The  excess  decreed  was  not,  however,  so  remarkable  as  its  division 
among  the  claimants.  The  actual  need  for  water  on  the  land  along  this 
creek  is  small.  One  second-foot  will  on  an  average  furnish  all  the  water 
needed  to  irrigate  100  acres  of  land,  but  in  making  their  claims  these 
irrigators  were  generous.  The  second  ai)proi)riator  claimed  6.92  second- 
feet  for  100  acres  and  got  it  in  the  decree.  The  nextclaiujed  23  second-feet 
for  200  acres  and  that  was  decreed.  The  fourth  claimed  11.30  second- 
feet  for  28  acres;  that  was  enough  to  cover  it  about  300  f(*et  deep  in  a 
year;  but  the  court  was  as  liberal  as  the  claimant  and  it  wjis  decreed. 
One  appropriator  was  decreed  37.5  second-feet  for  200  acres,  while  a 
less  fortunate  one  obtained  only  29.8  secoiul-feet  for  5,000  acres.  One 
appropriator  was  allowed  31.9  second-feet  for  200  acres,  while  the  suc- 
ceeding one  obtained  only  10.98  second-feet  for  1,()20  acres,  or  about 
one  third  the  water  for  eight  times  the  land.  A  recital  of  the  entire 
decree  would  be  a  repetition  of  these  incongruities,  which  luid  their 
origin  in  treating  these  claims  as  vested  rights. 

When  rights  began  to  be  based  on  the  volume  actually  used,  those 
for  irrigation  being  determined  by  the  acres  watered,  the  difference 
between  the  claim  and  the  volume  allotted  always  le<l  to  one  of  two 
conclusions  on  the  part  of  the  irrigator:  That  the  original  filing  or  the 
later  adjudication  was  a  fraud.  The  two  following  examples,  taken 
from  the  Wyoming  records,  show  why  th(^y  were  seldom  in  accord  and 
how  radical  was  the  encroachment  on  what  was  regarded  as  a  vested 
right. 
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Notice  to  the  public  and  to  whom  it  may  concern. 

All  persons  are  hereby  notified  tliat  the  undersigned  hereby  gives  notice  that  he 
claims  for  hie  own  use  and  benefit  all  the  water  flowing  within  the  banks  ot  Wugon 
Hound  Creek  through  his  premises,  the  same  being  his  ranch  and  range,  for  the  use 
of  irrigation  and  agricultural  purposes  from  and  above  the  point  where  the  notice 
is  located  until  said  waters  are  passed  by  any  lands  he  may  claim  or  own. 

There  were  already  eight  claims  to  that  stream  when  the  above  was 
filed,  three  being  for  a  larger  volume  than  was  granted  to  all  when  an 
adjadieation  based  on  actual  use  was  had. 

On  Savery  Creek  three  ditches  were  built  prior  to  1881  and  the  water 
actually  used.    In  1882  the  following  claim  was  filed : 

To  all  whom  it  may  concern. 

Know  ye,  that  I, ,  have,  on  the  26th  day  of  August,  1882,  located 

and  do  hereby  claim  all  the  water  above  this  notice  for  irrigation  purposes,  said 
ditch  commencing  at  this  notice  and  running  in  a  southwesterly  course  to  section  22, 
township  13,  range  89,  for  which  I  do  claim  all  rights  and  privileges  under  the 
United  States  irrigation  laws. 

To  recognize  a  claim  of  this  character  when  these  rights  were  deter- 
mined was  out  of  the  question.  There  were  fifteen  other  ditches  all 
using  water,  yet,  as  in  the'case  before  cited,  this  irrigator  had  for  fifteen 
years  believed  that  he  was  the  owner  of  all  the  water  in  the  stream, 
and  he  also  believed  that  to  set  this  aside  was  an  unwarranted  and 
unjust  interference  with  his  vested  rights. 

Where  laws  mislead  or  fail  to  direct,  as  these  do,  there  need  be  no 
surprise  that  litigation  follows.  The  only  wonder  is  that  irrigators  who 
have  to  deal  with  such  uncertainties  are  content  to  settle  their  dift'er- 
ences  in  so  peaceable  a  fashion. 

PERMITS  TO  APPROPRIATE  WATER. 

The  laws  which  provide  for  filing  under  the  second  plan  are  all  of 
recent  enactment.  They  are,  therefore,  based  on  ample  experience  of 
'*  how  not  to  do  it." 

The  first  change  to  be  noted  is  that  the  filing  is  not  a  claim  to  own- 
ership of  the  stream  or  any  part  of  it.  It  is  an  application  for  license 
or  permit  to  divert  and  use  the  public  water  supply.  Instead  of  a  claim 
for  a  specific  volume  of  water,  the  purpose  of  this  filing  is  to  accurately 
describe  the  proposed  use.  With  applications  for  irrigation  rights 
there  must  be  a  map  of  the  ditch  and  a  description  of  the  land  to  be 
reclaimed.  Land  not  described  acquires  no  rights.  An  imperfectly 
prepared  map  simply  delays  approval.  Applicants  soon  learn  the  need 
of  accuracy  and  care,  and  with  this  knowledge  comes  confidence  in  the 
law  which  requires  it.  The  notice  to  other  users  is  best  provided  for  in 
the  Canadian  law.  This  requires  publication  by  the  applicant  in  a  local 
newspaper,  and  in  the  Canadian  Gazette,  of  the  intention  to  apply,  and 
publication  of  a  notice  by  the  Government  of  its  approval  of  the  appli- 
cation.  Compare  this  sort  of  notice  to  other  appropriators  with  a  QlaftaK<L 
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on  a  post  in  some  lonesome  bend  of  a  willow-bordered  stream.  These 
applications  have  to  be  examined  and  approved  by  an  official  whp  is 
giving  his  entire  time  to  the  management  of  the  public  water  sapply, 
who  has  before  him  every  other  filing  on  the  stream,  and  who  either 
knows  the  conditions  or  can  and  mnst  inform  himself  regarding  the 
resnlts  to  follow  the  approval  or  rejection  of  the  application.  The 
approval  fixes  the  conditions  under  which  the  right  is  acquired,  the 
engineer's  certificate  in  Wyoming  being  as  follows: 

The  State  of  Wyoming,  State  Engineer's  Offloef  8$: 

This  is  to  certify  thnt  I  have  examined  the  foregoing  application  and  do  hereby 
grant  the  same,  subject  to  the  following  limitations  and  conditions: 

Construction  of  proposed  work  shall  begin  within  one  year  from  date  of  approval. 

The  time  for  completing  the  work  nhall  terminate  on  Decern b<'r  31,  18 — . 

The  time  for  completing  the  appropriation  of  water  for  beneficial  use  shall  termi- 
nate on  December  31,  18 — . 

The  amount  of  the  appropriation  shall  be  limited  to  1  cnbicfoot  per  second  of  time 
for  each  70  acres  of  land  reclaimed  on  or  before  December  31,  18 — ,  and  the  addi- 
tional volume  used  for purposes  on  or  before  said  date. 

Witness  my  haad  this day  of ,  A.  D.  18 — . 


State  Engineer, 

No  other  permit  to  water  the  land  described  will  be  issned  without  a 
hearing  and  good  cause  therefor  being  shown.  There  is  no  uncertainty 
about  priorities  or  the  volume  of  prior  appropriation.  The  record  in 
the  engiueer's  office  at  any  time  is  as  conclusive  as  to  both  matters  as 
is  the  record  of  the  Land  Office  of  the  filings  on  public  land.  Filings 
may  be  abandoned  or  they  may  be  canceled.  The  later  rights  may  be 
improved,  they  can  not  be  impaired. 

The  difference  does  not  end  with  the  filing;  it  continues  in  the  sub- 
sequent treatment  of  these  records.  The  first  plan  reciuires  work  to 
begin  within  sixty  or  ninety  days,  but  it  is  made  nobody's  business  to 
ascertain  whether  or  not  it  does  begin,  and  a  claim  can  not  be  canceled 
if  it  does  not  begin  for  sixty  years.  Under  the  second  plan,  reiwrts  of 
progress  must  be  made  and  where  a  license  or  permit  is  not  followed 
by  work  the  permit  is  canceled.  In  this  way  the  unappropriated  vol- 
ume is  at  all  times  apparent. 

The  value  of  this  plan  is  shown  by  the  constant  use  made  of  the  fil- 
ing records.  There  is  not  a  day  in  which  those  of  Wyoming  are  not 
consulted  by  land  owners,  ditch  builders,  or  water  users,  and  the  same 
is  probably  true  of  the  other  States.  The  contrast  between  the  con- 
venience of  having  all  the  rights  to  a  stream  and  its  tribntaries  brought 
together  and  the  expense  of  their  examination  when  scattered  in  the 
various  counties  is  so  great  that  none  of  the  States  which  have  adopted 
the  second  plan  regret  the  additional  expense  or  consider  a  return  to 
the  primitive  system. 
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FIXING  OF  PRIORITIES  AHD  AMOUHTS  OF  WATER  RIGHTS. 

Parties  who  file  ou  public  lauds  must  later  prove  up — that  is,  show 
that  they  have  complied  with  the  land  laws.  Parties  who  file  on 
streams  must  also  sooner  or  later  prove  up — that  is,  establish  the  priority 
and  amount  of  their  right.  The  proof  required  in  land  filings  is  in 
every  case  the  same.  If  a  homestead,  it  must  be  shown  that  the  land 
has  been  lived  on ;  if  a  desert,  it  must  be  shown  that  it  has  been  irrigated. 
The  proof  in  water- right  filings  depends  on  the  State  where  the  ditch 
is  built.  The  priority  of  a  ditch  on  the  Laramie  Eiver  in  Colorado  is 
established  by  a  lawsuit  in  the  district  court.  The  priority  of  a  ditch 
on  the  same  stream,  a  mile  below  in  Wyoming,  is  established  by  proofs 
filed  with  the  State  board  of  control.  The  title  to  public  land,  when 
established,  is  the  same  in  each  of  these  States^  the  title  to  water  in  a 
stream  depends  on  which  side  of  a  State  boundary  it  is  acquired.  In 
the  Korthwest  Territories  the  amount  of  the  right  is  governed  by  the 
size  of  the  ditch.  It  used  to  be  so  in  Colorado,  Nebraska,  and  Wyo- 
ming. Experience  has  shown  the  need  of  reform  in  that  matter.  At 
present  in  Nebraska,  Colorado,  Wyoming,  and  Kansas,  in  order  to 
acquire  a  right  the  water  must  have  been  actually  used,  and  it  is  the 
volume  so  used,  not  the  volume  which  can  be  diverted,  which  determines 
the  amount  of  the  appropriation. 

The  difference  in  the  methods  of  making  filings  is  succeeded  by  an 
equally  striking  difference  in  the  methods  of  establishing  the  priority 
and  amount  of  the  right. 

In  Wyoming  and  Nebraska  the  permit  that  is  issued  for  the  diver- 
sion and  use  of  a  stream  gives  certain  conditions  which,  if  complied 
with,  fix  the  amount  of  the  right.  One  of  these  conditions  is  the  date 
when  the  ditch  or  canal  must  be  completed,  and  the  dat^  when  the 
beneficial  use  of  the  water  must  be  completed.  When  this  has  been 
done  parties  file  a  notice  of  such  completion  with  the  State  engineer. 
This  is  followed  by  an  official  examination  and  measurement  of  the 
ditch  and  the  land  reclaimed,  the  results  of  which  are  embodied  in  a 
report  filed  in  the  engineer's  office.  The  appropriator  is  also  required 
to  file  a  sworn  statement  of  completion  of  the  ditch  and  of  the  irriga- 
tion of  the  land  and  the  acreage  which  has  been  irrigated.  If  the 
report  of  a  special  examiner  and  the  sworn  proof  of  compliance  with 
the  permit  made  by  the  appropriator  agree  with  each  other  and  with 
the  original  permit,  a  certificate  of  appropriation  of  water  is  issued  by 
the  State  board  of  control,  which  is  a  title  from  the  State  to  the  right 
to  use  the  stream,  as  a  patent  to  land  from  the  Government  is  a  title 
to  its  ownership.  The  priority  of  the  right  is  governed  by  the  date 
when  the  application  was  filed,  and  the  volume  in  rights  for  irrigation 
by  the  need  of  the  land  described.  It  will  be  seen  that  this  procedure 
follows  closely  that  of  the  General  Government  in  disposing  of  land. 
The  forms  of  proofs  are  all  printed.  There  is  no  wholesale  disposal  of 
a  stream  in  one  adjudication.    Each  right  is  settled  by  itself,  applies- 
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tioD  to  use  being  promptly  followed  by  isHiiance  of  title  to  the  right. 
The  issuance  of  the  certificate  of  appropriation  is  simply  a  ministerialy 
not  a  judicial,  act.  There  is  a  special  importance  in  this,  becaase  the 
opinion  prevails  in  many  States  that  it  is  impossible  to  devise  an  irri- 
gation system  by  which  rights  can  be  established  in  any  way  except 
by  a  judicial  decree. 

The  procedure  in  the  Northwest  Territories  is  the  same  as  in  Wyo- 
ming and  Nebraska,  except  that  the  essential  fact  required  to  be  estab- 
lished is  the  construction  of  the  ditch.  Its  size  and  capacity  govern 
the  extent  of  the  right.  The  names  of  the  irrigation  officials  who  pasA 
upon  these  matters  there  are  also  different. 

In  Colorado  proving  up  is  accomplished  through  an  equitable  pro- 
cedure in  the  district  court.  An  elaborate  statute  fixes  all  the  details 
of  this  procedure  from  the  notices  of  appropriators  to  the  final  render- 
ing of  a  decree.  It  is  cumbersome  and  expensive  to  appropriators,  and 
is  seldom  resorted  to  for  the  establishment  of  a  single  priority.  The 
usual  practice  is  to  delay  their  settlement  until  a  large  number  of 
claims  have  been  inaugurated,  when  they  are  all  determined  at  once  in 
an  omnibus  adjudication.  The  decree  which  fixes  these  priorities  is 
filed  with  the  State  engineer,  and  becomes  his  guide  in  the  division  of 
water  among  users. 

The  laws  of  the  Dakotas  make  no  provision  whatever  for  the  deter- 
mination of  these  rights.  The  laws  of  Montana  and  of  Kansas  make 
the  district  court  the  tribunal  for  the  settlement  of  these  ({uestions 
when  controversies  arise,  but  neither  of  the  laws  defines  the  way  notices 
shall  be  given  nor  provides  for  the  record  or  enforcement  of  the  decree 
when  rendered,  as  does  that  of  Colorado. 

As  in  the  matter  of  filings,  not  all  of  these  laws  can  work  equally 
well.  They  apply  to  the  water  of  the  same  river,  to  rights  which  are 
used  during  the  same  seasons  of  the  year,  for  the  cultivation  of  the 
same  kinds  of  crops,  and  under  very  similar  (•x)nditi()ns.  Some  have 
been  in  operation  for  a  (juarter  of  a  century,  and  all  for  a  jieriod  long 
enough  to  determine  their  relative  efficiency.  If  one  is  better  than  the 
other,  or  if  experience  has  shown  that  certain  features  of  any  one  are 
worthy  of  adoption,  it  is  of  the  utmost  importance  that  advantage  be 
taken  of  this  fact.  The  need  of  a  uniform  system  in  fixing  the  priori-* 
ties  is  too  obvious  to  need  discussion. 

THE  WYOMING  AND  NEBRASKA  LAWS. 

The  Wyoming  and  Nebraska  laws  possess  the  following  merits: 
(I)  The  ])rompt  determination  of  rights.  In  those  States  as  soon  as 
an  irrigator  has  complied  with  the  law  he  is  in  a  positicm  to  obtain  its 
benefits.  The  facts  on  which  the  appropriation  is  based  are  taken  at 
the  time  the  work  is  done.  In  this  way  one  of  the  great  sources  of  con- 
troversy— delay  until  many  of  those  who  know  the  facts  have  died  or 
moved  away — is  avoided. 
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(2)  Oheapness  to  the  appropriator.  In  States  where  water  rights  are 
established  by  court  procedure  every  appropriator  has  to  employ  a 
lawyer.  He  has  to  incur  the  expense  of  himself  and  his  witnesses  in 
preseuting  his  testimony  to  the  court.  In  Wyoming  and  Nebraska  the 
testimony  is  prepared  on  a  blank  form  and  is  sworn  to  before  a  mem- 
ber of  the  board  of  control.  The  examination  of  the  lands  irrigated 
and  the  ditch  which  diverts  the  water  is  made  by  the  State.  There  is 
no  greater  need  of  legal  advice  in  preparing  this  proof  than  there  is  in 
submitting  proof  in  a  land  oi!ice.  The  entire  indispensable  expense  in 
proving  up  on  a  water  right  in  Wyoming  is  $1  for  the  issuance  of  the 
certificate  of  appropriation  by  the  State  engineer  and  75  cents  for  its 
record  in  the  county  clerk's  oflftce. 

Another  important  consideration  relates  to  provisions  for  a  final  set- 
tlement of  water  rights.  In  Colorado,  Nebraska,  and  Wyoming  there 
is  a  statutory  period,  afber  rights  are  determined,  during  which  their 
validity  may  be  contested  in  the  courts,  but  after  it  has  expired  they 
become  absolute.  In  some  of  the  other  States  litigation  over  these 
questions  may  be  perpetual. 

The  remaining  question  to  be  considered  is  which  of  these  methods 
comes  nearest  determining  the  actual  facts  and  has  done  most  to  pro- 
tect the  rights  of  actual  users.  This  is  the  important  question.  Delay 
and  expense  are  of  little  moment  if  they  result  in  a  better  settlement  of 
these  rights  which  will,  from  year  to  year,  become  more  valuable  and 
important. 

In  considering  this  it  is  significant  that  Wyoming  and  Nebraska  are 
conspicuous  for  the  absence  of  water-right  litigation.  There  is  provi- 
sion lor  appeal  to  the  courts  at  every  step,  from  the  approval  of  a  per- 
mit to  the  fixing  of  the  priority  in  the  final  certificate,  but  appeals  are 
not  taken.  As  the  years  go  on  what  was  at  first  regarded  by  many  as 
a  hazardous  innoviitiou  is  now  firmly  established  .in  the  confidence  of 
water  users.  The  State  board  of  control  is  in  no  more  danger  of  being 
abolished  than  the  State  supreme  court.  A  result  like  this,  following 
a  change  from  all  previous  systems,  is  a  substantial  evidence  of  the 
efficiency  of  the  new  system. 

There  are  many  reasons  why  the  determination  of  rights  under  the 
procedure  outlined  should  be  njore  satisfactory  than  by  a  court  decree. 
The  facts  to  be  established  are  physical,  not  legal.  Under  the  laws  of 
each  of  these  States  the  priority  is  fixed  by  the  date  of  the  i>ermit.  The 
facts  to  be  determined  are  the  acres  irrigated  and  the  volume  of  water 
needed  by  those  acres;  and  the  most  direct  and  certain  way  to  do  that 
is  to  go  on  the  ground  and  measure  the  ditch  and  the  land  watered. 
The  surest  way  to  obtain  the  length  of  a  city  lot  is  to  measure  it.  To 
obtain  the  weight  of  a  load  of  coal  we  put  it  on  the  scales.  It  does 
not  require  a  court  decree  nor  the  exercise  of  judicial  powers  to  estab- 
lish the  fact  of  residence  on  a  homestead  or  the  irrigation  of  a  desert 
filing.    Under  a  rational  code  of  laws  there  is  no  need  whatever  to  file 
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complicated  pleadings  in  court  to  determine  how  many  acres  of  land 
bave  been  watered  or  how  many  miles  of  ditch  built.  It  is  undoubtedly 
true  that  the  haphazard  system  of  filing  claims  in  some  States  makes 
the  services  of  the  courts  necessary,  but  this  does  not  insure  a  satisfac- 
tory settlement  of  rightH.  On  the  contrary,  it  simply  requires  judges 
to  do  the  best  they  can  to  repair  the  consequences  of  previous  mis- 
management and  neglect. 

The  officials  of  Wyoming  and  Nebraska  are  in  an  infinitely  better 
position  to  make  a  just  determination  of  irrigators'  rights  than  are  the 
courts  in  the  other  States.  They  examined  the  original  filings;  they 
are  familiar  with  the  stream  and  with  all  the  facts  relating  to  other 
rights;  they  have  measured  tlie  water  supply  and  the  land  reclaimed. 
When  it  comes  to  passing  upon  the  proof  of  use  they  have  not  only  the 
facts  of  the  special  examiner  but  a  special  familiarity,  based  on  ex|ie- 
rience  in  other  cases,  with  the  conditions  on  the  stream. 

COURT  ADJUDICATIONS. 

In  States  where  the  courts  determine  these  rights  they  have  to 
act  without  personal  experience  and  to  rely  too  often  on  confiicting, 
indefinite,  and  interested  testimony.  Courts  have  no  reason  to  become 
specially  informed  concerning  irrigation  problems  along  any  stream, 
with  the  water  supply  of  the  stream,  or  to  know  from  personal  exami- 
nation anything  of  the  physical  facts  on  which  a  just  determination  of 
these  rights  must  in  large  measure  depend.  Their  decisions  have  to  be 
based  upon  the  pleading  of  attorneys  and  the  testimony  of  witnesses. 
Here  again  is  a  difi'erence  which  operates  against  a  satisfactory  settle- 
ment by  means  of  court  decrees.  In  Wyoming  and  Nebraska  the  funda- 
mental idea  in  the  establishment  of  a  water  right  is  that  it  is  a  disposal 
of  public  property  and  that  public  interests  are  to  be  first  considered. 
Hence,  the  examination  is  made  by  a  State  ofiicer  who  has  no  personal 
interest  in  the  right.  There  is  not  a  State  in  whi(;h  these  rights  are 
settled  in  court  that  provides  for  the  gauging  of  streams,  the  measure- 
ment of  ditches,  or  land  reclaimed  by  a  disinterested  public  official  as  a 
guide  to  the  court  in  determining  the  facts.  Even  in  Colorado,  with 
its  admirable  administrative  laws,  there  is  no  provision  for  giving  the 
courts  the  benefits  of  the  State  engineer's  experience  and  knowledge 
of  physical  conditions.  All  court  proceedings  for  the  determination 
of  rights  to  the  public  water  supply  are  simply  and  solely  contests 
between  private  interests  where  each  man  wishes  to  acrjuire  all  he  can 
for  himself  and  to  do  all  he  can  to  cut  down  the  allotment  to  others. 

That  is  the  situation  regarding  court  decrees  where  there  is  a  genu- 
ine trial  of  rights,  but  it  has  sometimes  happened  that  these  adjudica- 
tions have  been  instituted  for  the  sole  purpose  of  acquiring  control  of 
a  stream  in  accordance  with  a  division  agreed  upon  beforehand.  Such 
proceedings,  no  matter  what  the  intent  of  those  in  charge,  have  resulted 
in  ^oss  frauds  and  ii^justice  to  those  who  actually  used  the  water.    lu 
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Bach  cases  the  contest  is  one  only  in  name.  Whenever  appropriators 
agree  among  themselves  regarding  the  amount  of  water  they  will  claim, 
they  can  usually  secure  a  decree  for  the  full  amount.  It  is  extravagant 
decrees  secured  in  this  way  which  now  are  so  serious  a  menace  to  the 
rights  of  users  on  many  streams. 

The  danger  of  this  was  not  at  first  appreciated,  but  its  consequences 
are  now  becoming  apparent.  Judge  Victor  A.  Elliott,  who  presided 
over  the  most  important  adjudications  in  northern  Colorado,  in  discuss- 
ing this  in  a  brief  recently  filed  in  the  Colorado  supreme  court  in  favor 
of  a  rehearing  and  readjudication  on  one  of  these  streams,  thus  charac- 
terizes both  the  law  providing  for  court  decrees  and  the  decrees 
themselves: 

Prior  to  the  passage  of  the  iirigation  acts  of  1879  and  1881  this  State  was  sparsely 
inhabited — not  nearly  all  of  onr  agricnltural  lauds  had  been  brought  under  cultiva- 
tion by  means  of  irrigation — and  there  had  been  very  few  controversies  respecting 
priorities  of  right  to  the  use  of  water  for  irrigation  purposes. 

When  any  such  controversy  did  arise,  it  was  merely  between  a  few,  perhaps  not 
more  than  two  rival  claimants,  and  the  rights  of  such  claimants  were  litigated  as 
in  ordinary  lawsuits.  Each  party  was  well  advised  as  to  the  claims  of  the  other, 
and  so  was  prepared  to  assert  his  own  claim  and  contest  that  of  his  adversary  by  aU 
legitimate  evidence  under  the  law  by  the  aid  of  legal  counsel. 

But  our  people  felt  that  such  proceedings  for  settling  the  rights  to  the  use  of 
water  were  too  slow,  and  that  many  irrigating  seasons  would  pass  and  many  crops 
be  lost  before  litigants  could  secure  their  rights. 

Hence  the  irrigation  acts  of  1879  and  1881  were  pasned.  The  design  of  these  acts 
was  to  secure  a  summary  adjadication  of  water  priorities  on  an  extensive  scale. 

The  acts  contemplated  the  promulgation  of  decrees  which  could  be  summarily 
enforced  by  the  water  commissioners,  without  waiting  for  an  appeal  to  the  courts 
when  a  controversy  should  arise. 

The  effect  of  these  irrigation  acts  was  not  foreseen  by  the  great  mass  of  the  people 
whose  most  valuable  rights  Were  to  be  affected  by  them.  The  agricultural  classes  are 
generally  the  slowest  people  to  take  notice  of  legislaitive  acts  affecting  their  interests. 

The  result  of  these  irrigation  acts  was  to  precipitate  legal  proceedings  upon  large 
numbers  of  people,  and  thus  make  it  necessary  for  them  to  assert  and  defend  their 
rights  as  against  their  neighbors,  when,  in  fact,  their  rights  had  never  been  assailed 
or  questioned. 

By  the  express  terms  of  these  acts  a  single  claimant  to  water  rights  could  compel 
every  other  claimant  in  the  water  district  (hundreds  there  might  be)  to  come  into 
court  and  assert  his  claims  and  defend  against  the  counterclaims  of  all  the  rest, 
and  this  though  there  had  never  before  been  any  controversy  in  respect  to  soch 
claims. 

Under  such  circumstances  it  is  not  strange  that  very  little  attention  was  given 
by  most  of  our  farmers  and  ditch  owners  to  the  adjudication  of  water  priorities. 
Many  of  them  seemed  to  regard  the  proceedings  as  altogether  amicable,  and  hence 
took  no  pains  to  guard  against  the  overreaching  of  the  few,  whereas,  in  fact,  no 
proceeding  could  have  been  devised  which  would  have  been  more  adverse  in 
character  or  which  should  have  been  guarded  with  more  jealous  care. 

As  we  have  before  said:  *^  In  the  earlier  adjudication  of  priorities,  under  the  acts 
of  1879  and  1881,  there  was  little  or  no  contention  between  rival  claimants  to  priori- 
ties. People  seemed  to  think  all  they  needed  to  do  was  to  prove  up  their  appropria- 
tion and  get  decrecH  for  ns  large  quantities  of  water  as  possible — evidently  thinking 
the  court  had  the  power  to  make  the  natural  »treaiu%  ^\^\^  \>ti^  ^xs^ovvd^*  tk^  ^waXist. 
tbas  decreed  at  all  timea,  irrespective  of  aenior  decxfte^  ol  y^\ot\\.i  ,  wBA.\^<a.VwVC«^- 


30 

standing  tho  fact  that  the  amount  of  the  appropriationn  decreed  from  some  of  our 
natural  Htreams  wan  four  times  as  much  as  the  ordinary  flow  of  the  water  of  snch 
streams." 

Aside  from  the  (luestion  of  procedure,  there  ia  a  difference  in  the 
nature  of  the  right  conferred  by  the  hiws  of  Wyoming  and  Nebraska 
and  that  conferred  in  some  of  the  States  wliere  these  rights  are  deter- 
mined by  court  decrees.  In  the  first-named  States  rights  for  irriga- 
tion atta(;h  to  the  land.  The  certificate  of  appropriation  described  the 
land  where  the  right  was  iiciiuired,  and  to  which  it  is  attached.  The 
right  is  for  enough  water  to  irrigate  it^  not  to  exceed  a  prescribed 
maximum.  The  acreage  of  this  land  can  not  l>e  expanded;  iu  fact, 
the  tendency  is  for  the  demand  to  diminish  as  the  soil  becomes  mois- 
tened and  irrigators  become  more  experienced.  But  in  many  of  the 
States  the  rights  decreed  are  for  a  continuous  flow  of  a  designated 
volume  regardless  of  the  place  or  kind  of  use.  Where  water  is  attached 
to  the  land  there  is  no  incentive  to  claim  an  augnieutiHl  volume.  All 
that  can  be  had  is  enough  to  produce  crops,  and  that  volume  is  deter- 
mined by  the  acres  rather  than  by  the  maximum  volume  allowed.  But 
in  the  s(»cond  case  the  tendency  U)  exaggerate  the  right  and  to  obtain 
as  large  an  allotment  as  possible  is  vety  great.  Where  water  is  i)er- 
sonal  property,  if  the  party  securing  the  right  does  not  use  it,  he  can 
sell  it  or  rent  it  to  some  one  who  needs  it  and  is  willing  to  pay  for  it. 
Hence  adjudications  are  often  not  so  much  for  the  protection  of  actual 
users  as  a  struggle  to  obtain  speculative  control  of  streams.  Not  hav- 
ing the  benefit  of  expert  and  disinterested  advisers,  the  findings  of  the 
court  often  lead  to  pecuiliar  (complications.  In  a  decree  examined  by 
the  author  a  ditch  watering  9  acres  of  land  is  given  water  enough  to 
cover  that  land  to  a  depth  of  53G  feet  in  a  year.  In  the  same  decree  a 
ditch  watering  2,(K)0  acres  is  allowed  5  cubic  feet,  while  a  ditch  watering 
200  acres  has  a  grant  of  20  cubic  feet;  that  is,  1  acre  under  the  last 
ditch  is  allotted  as  much  water  as  40  acres  under  the  first. 

In  18S4  and  1885,  while  acting  as  assistant  State  engineer  of  Colo- 
rado, I  measured  tho  ditches  of  northern  Colorado  on  the  streams  which 
hivd  been  previously  adjudicated.  My  report  of  these  measurements 
called  attention  to  the  discrepancy  between  the  decreed  api)ropria- 
tions  and  the  actual  carrying  cai)acity  of  these  ditches  and  canals  in 
the  following  terms: 

So  great  was  tbiH  in  some  instances  that  the  result  of  the  ^augiii«;8  and  the  decreed 
capacity  seemed  to  have  no  eoiuuH'tion  Avith  each  other.  I)itehe8  were  met  with 
having  decreed  capacities  of  two,  three,  and  even  five  timeH  the  volume  they  were 
capable  of  carrying,  ever  have  carried,  or  will  prolmhly  ever  need.  Other  ditches  in 
the  same  district  have  decrees  which  fairly  rei>resent  their  actual  needs.  It  needs 
no  argument  to  show  the  worse  tiian  nselessness  of  these  decrees  uh  a  guide  to  the 
water  commissioner  in  the  performance  of  hiH  duties. 

When  these  decrees  were  rendered  the  majority  of  appropriators 
believed  that  rights  for  irrigation  were  limited  to  the  lands  already  irri- 
gated,  and  that,  so  long  as  used  there,  the  actual  volvvviivi  ^VaX^A.  \\\  \Xi^ 


cut  very  little  figure.  Ili^mie  tbere  was  little  solieitiido  on  the 
tart  of  late  appropriators  as  to  any  daitj^er  arieiii);  uat  of  exuuseive 
I.  Under  the  term»  of  these  decrees  ea«h  appropriator  iseiititled 
a  a  defiuit«  volume  of  water,  ileecribed  in  cubic  feet  pet  8e<:onil,  and 
B  a  continuous  flow  of  this  volume  throngUout  the  year. 
Recent  dec iaiou 8  have  rccogiiiKed  the  right  of  the  holders  of  tliese 
Hecreed  appropriations  to  sell  the  entire  volume  granted.    As  a  result, 
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of  earlier  prioritius  are  enlarging  their  ditches  and  extend- 
ing them  to  other  lauds,  or,  where  this  is  not  possible,  are  atteiiiptiiig 
to  dispose  of  the  surplus  to  other  users.  Every  attempt  to  do  this, 
however,  is  contested.  The  truth  is  that  irrigators  have,  in  pra(^tice, 
been  building  up  a  system  on  one  tlieory  of  water  rights  while  the 
courts  have  rendered  a  number  of  deciaiowR  \i&s.eiV  ot\  v.wti'Ctts^  >(>l\«»\^. 
'e  b&ve  uow  reiiched  a  point  where  owe  o'E  tVfetvju  vAiisx  ^fe^«l- 
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If  the  (loctriue  laid  down  in  those  decisions  is  carrie<l  to  its  logical  coii* 
elusion  it  will  transfer  the  ownership  of  a  majority  of  the  streams  of 
northern  Colorado  to  a  few  early  appropriators,  and  compel  a  large 
proportion  of  the  actaal  users  of  water  to  purchase  from  such  appro- 
priators  the  water  they  have  heretofore  had  for  nothing.  That  this  is 
not  an  extreme  statement  is  shown  by  the  accompanying  diagram  (fig.2), 
which  exhibits  the  relation  between  the  mean  monthly  discharge  and 
the  decreed  appropriations  of  the  Poudre  River. 

The  last  examination  of  the  records  showed  there  were  104  appropri- 
ators  from  this  river,  the  aggregate  of  these  rights  being  4,032  second- 
feet,  each  right  being  for  a  continuous  discharge  of  the  volume  decreed; 
yet  in  August  of  1894  the  stream  carried  only  162  cubic  feet  per  sec- 
ond; in  August,  1893,  141  second-feet;  and  the  stream  has  frequently 
fallen  during  the  irrigation  season  to  below  100  second-feet.  If  the 
holders  of  these  rights  had  lived  up  to  their  opportunities  during  the 
last  half  of  every  irrigation  season,  fully  one-half  of  the  actual  users 
of  water  would  have  had  to  buy  from  the  holders  of  these  excess  rights 
every  gallon  of  water  used  after  the  middle  of  August.  That  they  have 
not  been  compelled  to  do  this  is  due  to  the  fact  that  irrigation  practice 
in  that  State  is  superior  to  irrigation  law. 

The  appreciation  of  the  dangers  which  this  situation  creates  is  not 
confined  to  farmers  alone.  In  a  different  brief  from  the  one  before 
referred  to  it  is  thus  forcibly  stated  by  Judge  P^lliott: 

Excess  priority  decrees  are  a  crying  evil  in  thiH  State.  FVoni  every  (jnarter  the 
demand  for  their  correction  is  strong  and  loud.  Such  crying  demand  can  not  be 
silenced  by  declaring  that  the  meaning  and  effect  of  Huch  decrees  can  never  be 
inquired  into,  construed,  or  corrected  after  four  years. 

In  many  cases  such  decrees  are  so  uncertain,  so  auibiguouH,  so  inequitable,  to 
unjust,  and  their  continuance  is  such  a  hardship  that  litigated  cuhcs  will  be  continu- 
ally pressed  upon  the  attention  of  the  courts  until  such  (controversies  are  heard  and 
settled,  and  settled  right.  Litigation  in  a  free  country  can  never  end  while  wrongs 
are  nn  righted. 

It  was  not  until  the  holders  of  these  excessive  rights  began  to  make 
use  of  them  for  speculative  purposes  that  farmers  n^alized  the  danger 
which  menaced  them.  It  is  more  apparent  in  Colorado  than  in  any 
other  of  the  arid  States  herein  discussed,  because  irrigation  has  made 
greater  advances  in  that  State  than  in  any  of  tlje  oth(*rs!  Streams  are 
more  nearly  appropriated  and  water  is  more  valuable,  but  the  condi- 
tions under  the  Colorado  laws  are  far  less  dangerous  than  they  are 
under  th^  laws  of  many  other  States,  and  an  eciual  development  in 
those  States  will  show  equally  serious  abuses.  What  these  are  is  well 
stated  in  a  brief  recently  filed  in  the  Colorado  »ni)reme  (jourt  by  the 
Hon.  Piatt  Rogers,  of  which  the  following  is  an  extract: 

We  have  reached  a  stage  in  the  history  of  irrigation  developnit^nt  at  which  it  is 
foond  highly  profitable  to  the  owners  of  the  older  appropriations  to  avail  them- 
selves of  the  rights  said  to  be  theirs  by  the  opinions  heretofore  rendered  by  this 
court  in  the  reclamation  of  new  lands.  The  era  of  *' disappropriation"  hjis  fairly 
set  in,  and  as  an  injustice  will  not  be  submitted  to  until,  by  repeated  decisions,  it  is 
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maile  manifest  there  is  no  hope,  we  are  promiiifd  afresh  crop  of  litigation  to  prevent 
the  enron-emeutof  {lecreesthat,  under  the  coDBtrocti on  placed  opon  them,  loml  not  to 
peace  bat  to  vrai.  *  *  *  It  will,  moreover,  bring  to  paaa  a  great  wrong,  foreseen 
by  John  L.  Armstrong,  one  of  the  witneeiteB  iii  this  case,  who,  in  his  report  as  water 
aoiumisBioner  to  the  St^ito  engineer  (ae  publiahed  in  1S8T),  nnid  "that  by  reason  of 
the  ntijnst  decrees  of  tbe  coort,  whereby  greater  qnantities  of  water  were  decreed 
to  ditches  than  tbe  ditches  would  carry,  it  is  possible,  after  ten  or  fifteen  years,  for 
these  ditches  to  enlarge  and  bring  under  cultivBtioii  laml  never  before  irrigated,  at 
tbe  eipenae  of  those  ditches  which  have  actually  nsitd  the  water  for  many  years  for 
irrigation," 

All  of  the  distriota  in  the  northern  part  of  tbe  State  have  decrees  similar  to  those 
mentioned  by  Mr.  Armstrong.  The  reporls  of  the  State  eDgiiicers  exhibit  this 
anomalous  condition  in  graphic  fonu.  We  are  not,  therefore,  trailed  upon  to  treat  a 
eporodic  cose,  bat  to  deal  with  a  prevailing  condition.     •     ■     ■ 

Tbe  decrees,  iu  their  entirety,  are  fiiUehooils,  and  aniversiJIy  accepted  as  such. 
Tbey  famish  a  fresh  illuatration  of  the  trnism  that  "a  lie  never  ceases  to  do  evil." 
If  tbe  construction  heretofore  placed  upon  them,  in  some  cases,  is  to  prevail,  we 


have  legalized  a  method  of  Hccomplishi'^g  the  precise  thing  tbe  const itntion  intended 
to  prevent,  Tiz,  speculation  in  water.  If  this  court  will  avail  itself  of  those  matters 
of  public  history  which  ought  to  be  within  its  cognizance,  it  will  learn  that  decreed 
appropriations  are  now  being  bought,  not  merely  to  utilize  tbe  volame  heretofore 
diverted  and  used,  but  to  obtain  the  advantage  of  tbe  full  ftmoant  decreed,  for 
speculative  parpi>ses. 

There  are  two  objections  to  making  appropriatioiiB  for  irrigatiou  a 
riglit  to  a  perpetual  flow  of  any  defluite  volame  of  water.  Sncb  rigbts 
do  not  coDfoTDi  to  the  necessities  of  asers  or  to  the  liactuatious  iu  the 
flow  of  streiims.  Ko  irrigator  uses  water  all  the  time.  Iu  the  States 
under  cousideratiou  he  does  not  use  it  one-half  the  time.  Even  dnriug 
the  irrigation  season  the  ase  is  intermitteut,  and  much  greater  in  some 
months  than  in  others.  The  holder  of  a.  right  to  a  continuous  flow  not 
needing  it  daring  the  greater  part  of  the  year  is  continaonslY  tiii's&^Ai'A. 
lOin—So.  58 3 


to  convert  it  into  a  speculative  i-oniinoditybyRelliiig  tlie  Bnrpliis.  Tbe 
(lingrani  (lig.  .'i),  eliowing  the  disrluirge  In  Micond  feet  of  tlie  Laramie 
Biver,  ia  a  typical  example  both  of  thu  ttnctaation  in  the  volume  of 
streainH  during  the  irri^atiou  season  and  of  their  variation  in  discharge 
from  year  to  year.     It.  will  he  observed  that  in  1S!)7  the  miiximnm  die- 
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charge  reached  3,400  cubic  feet  per  second,  while  in  18!)8  it,  was  not 
half  that  volume.  In  1897  its  ran  off  would  have  covered  :!48,0O0  acre 
1  foot  deep,  while  In  1898  the  rnii  ofl'waa  only  111,000  acrefei-t.  Ii 
1897  tlie  niBsimam  discbarge  of  over  3,04H)  feet  ia  May  had  fallen  Uk 
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^*^et  ill  .Tune,  and  to  less  tban  fiOO  feet  in  July,  while  in  1898  the 
^'^^^^•-uin  lion-  of  less  tliaii  ],0U0  feet  in  May  liml  fallen  to  leas  than 
^^^■^^t  in  July,  and  disappeared  entirely  in  September,    Great  as  are 
^  ~W-;«.  ctuatioua  in  discLarge  in  the  difl'erent  niontbs  of  tlie  JrrigatiOQ 
~^  "*"■«,  the  variations  in  use  are  not  less  striking.    On  page  34  are  two 
^*^^**.niB  (lig.  4)  to  ilhistrate  this.    One  (-4)  shows  the  relative  (lis- 
^^«8  of  the  difl'erent  months  of  the  irrigation  season;  the  other  (B) 
^^^■^lative  amounts  used  during  these  months.     Both  are  taken  from 
^-  ^».l  uieaBurenieiits.     It  will  be  seen  that  for  every  gallon  of  water 
^^^     ill  May  ten  were  used  in  June,  while,  on  the  other  hand,  three 
^^^iiis  were  used  in  June  for  every  one  used  in  July.    The  shrinkage 
^-*-»se  from  June  to  July,  while  not  so  great  as  the  falling  oft'  iu  dis- 
^^-^"ge,  was  in  the  same  direction,  and  by  limiting  a  right  to  this  actual 
^^    many  more  priorities  could  be  satisfied  than  can  be  if  the  rights 
^  tixed  at  a  uniform  continuous  flow.    These  latter  rights  are  either 
,^^ed  on  the  capacity  of  the  ditch  or  on  the  maximum  requirements  of 
"■■^e  land,  instead  of  on  a  mean  of  all  the  months  iu  which  irrigation  is 
^^^eded.    Hence,  a  right  for  a  continuous  flow  of  the  same  amount,  if 
biased  on  the  quantity  used  in  Jnne,  gives  its  holder  three  times  what 
lie  ueeds  in  July.    Or  if  the  stream  is  nearly  a|>proprialed  wlien  it 
shrinks  from  the  June  to  July  discharge,  the  holders  of  less  than  one- 
third  of  the  rights  owu  all  the  water. 

STATE  CONTBOL  OF  STREAKS. 

Plate  II  is  a  map  of  the.  Little  Laramie  fiivei'  and  the  ditches  which 

take  water  therefrom.    It  is  a  typical  stream,  and  the  map  has  been 

prepared  to  show  the  hick  of  system  which  prevails  in  the  location  of 

ditches  and  the  accidental  arrangement  of  the  priorities  along  streams. 

i     The  I'M  different  appropriations  from  this  river  are  shown  by  the  priority 

L   uumbers  placed  after  the  names  of  the  ditches.     It  will  be  noticed  that 

I   priority  No.  I  is  below  all  others.    Every  other  apiiropriator  has  a  chance 

f  to  divert  the  stream  before  its  water  reaches  this  ditch.    So  far  as  [wsi- 

tion  goes  there  would  be  no  jiossible  chance  to  get  anything  in  seasons 

of  scanty  .supply  because  it  often  happens  that  one-half  the  head  gates 

have  to  be  closed.     Even  the  second  appropriator,  9  miles  above,  would 

not  be  much  better  off,  because  more  than  100  diversions  are  made 

before  the  stream  reaches  his  head  gate.     There  are  50  ditches  between 

his  ditch  and  the  thirtieth  prmrity.    The  largest  ditch  on  the  stream 

irrigates  more  laud  than  all  the  15  flrst  built,  but  its  priority  is  110. 

Kealiising  the  danger  of  being  so  far  down  the  list,  its  builders  did  all 

they  could  to  oft'set  this  by  a  desirable  position.    Its  head  gate  is  far 

up  in  the  hills  on  one  of  the  branches  of  the  main  river,  and  it  requires 

a  jonmey  of  40  miles  from  the  head  gate  of  number  one  to  reach  it. 

More  than  200  farmers  depend  on  this  stream  for  their  living.    To 
raise  a  crop  they  must  have  water  when  they  need  it,  and  as  the  streivw 
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is  fully  appropriated  they  can  secure  this  only  by  tbe  most  carefal  and 
economical  nse  of  the  supply.  Wasteful  use  above  means  parched  fields 
and  empty  pockets  below. 

If  there  is  not  water  enough  for  all,  and  this  sometimes  happeuSy 
some  ditches  have  to  be  closed.  The  later  ones  have  to  be  first  shut 
down,  and  as  fields  watered  by  early  and  late  priorities  lie  side  by  side, 
a  late  appropriator  sometimes  has  to  see  his  crops  burn  up,  while  on 
the  other  side  of  the  fence  those  of  his  neighbor  grows  rank  and 
luxuriant  because  of  abundant  moisture. 

To  control  the  division  of  a  stream  under  these  conditions  reqaires 
administrative  tact  and  ability  of  a  high  order.  The  a[)propriator8  can 
not  attend  to  it  themselves.  The  holder  of  the  first  right  would  have 
no  time  to  use  his  right  if  he  attempted  to  protect  it  himself.  It  takes 
a  journey  of  nearly  200  miles  to  visit  the  head  gates.  In  this  and  simi- 
lar cases  the  individual  is  helpless;  only  State  or  community  control 
will  serve. 

The  division  of  streams  is  made  much  more  complex  by  the  variation 
in  the  discharge.  The  (juantity  to  be  distributed  does  not  remain  con* 
stant.  It  varies  with  every  breeze  that  blows  and  with  every  passing 
cloud.  It  changes  from  day  to  day,  from  month  to  month,  and  from 
year  to  year.  A  daily  record  has  never  been  kept  of  the  llow  of  the 
Little  Laramie,  but  oue  has  been  of  the  main  stream.  The  variations 
in  its  discharge,  as  shown  in  Plate  11^  were  equaled  or  exceeded  by  its 
tributary.  An  examination  of  that  diagram  and  the  one  on  page  34 
shows  that  whenever  appropriators  exhaust  a  stream  it  recjuires  some* 
thing  more  than  a  court  decree  or  order  of  a  board  to  secure  the  largest 
service  from  the  stream  or  protect  the  earlier  rights.  To  do  this  there 
must  be  someone  to  stop  waste  on  the  part  of  the  negligent  and  close 
the  head  gates  of  those  who  came  late.  No  matter  how  rights  are 
established,  they  amount  to  nothing  unless  protected.  A  decree  or 
order  fixing  priorities  is  simply  a  guide  to  someone  in  closing  head 
gates;  unless  there  is  some  officer  to  execute  it  irrigators  will  not  and 
can  not  respect  it. 

Thus  far  only  three  of  the  States  drained  by  the  Missouri  seem  to 
have  realized  this.  Colorado,  Wyoming,  and  Nebraska  have  been 
divided  into  drainage  districts,  and  the  streams  used  in  irrigation  are 
under  the  control  of  State  officers.  To  Golonulo  belongs  the  credit  of 
first  recognizing  the  need  of  this  public  supervision,  and  the  system 
devised  has  been  followed  in  the  other  two  States.  IMate  III  shows 
the  manner  in  which  these  States  have  been  divided  in  order  to  make 
this  control  most  efficient.  Tbe  larger  areas  in  each  State  are  called 
divisions.  Tbe  boundaries  of  these  are  drainage  lines,  and  they  com- 
prise the  basins  of  one  or  more  rivers.  The  smaller  areas  are  called 
districts,  each  district  being  formed  of  one  or  more  tributaries  of  a 
stream  or,  in  some  cases  in  Colorado,  of  a  section  of  the  main  river. 
The  size  of  the  district  is  governed  by  the  number  of  ditches  to  be 
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regalated  and  the  importance  of  the  interests  to  be  served.  In  each 
State  the  head  of  the  system  is  the  State  engineer;  over  each  division 
is  a  superintendent,  and  in  charge  of  each  district  is  a  water  commis- 
sioner. The  water  commissioner  is  a  police  officer,  whose  duty  is  to 
execute  the  court  decree  in  Colorado  and  the  orders  of  the  boards  of 
control  in  Wyoming  and  Nebraska.  He  is  given  a  list  of  the  appro- 
priations and  the  places  where  they  are  to  be  diverted,  and  as  the 
stream  rises  and  falls,  he  opens  or  closes  the  head  gates  of  the  ditches 
having  later  rights  in  such  a  way  as  to  afford  the  earlier  users  the 
water  they  need  so  long  as  the  stream  supplies  it.  So  far  as  the  farmer 
is  concerned  the  water  commissioner  is  the  most  important  officer  with 
whom  he  comes  in  contact.  On  his  action,  and  in  many  instances  on  his 
tact  and  judgment,  depends  the  acreage  of  crops  which  come  to 
maturity  or  the  number  of  farms  where  the  season's  labor  is  lost.  It 
will  be  seen  that  all  of  the  preliminary  steps  in  an  irrigation  code,  the 
filing  of  the  right  and  the  determination  of  the  priority,  are  simply 
preparatory  to  the  work  of  the  water  commissioner.  He  is  the  endur- 
ing feature.  Unless  this  code  provides  for  State  administration  of 
streams,  water  rights  can  not  be  considered  as  having  a  stable  and 
definite  value. 

The  boundaries  of  the  divisions  in  each  of  these  States  are  fixed  by 
law.  In  Colorado  there  are  six  divisions,  in  Wyoming  four,  and  in 
Nebraska  two.  The  boundaries  of  districts  in  Colorado  are  also  estab- 
lished by  the  legislature;  in  Wyoming  and  Nebraska  they  are  fixed  by 
orders  of  the  board  of  control.  In  Colorado  the  water  districts  are 
numbered  from  1  to  69,  the  entire  State  being  embraced  in  this  con- 
secutive numbering.  In  Wyoming  the  districts  for  each  division,  are 
numbered  separately,  there  being  14  districts  in  division  No.  1,  7  in 
division  No.  2, 10  in  No.  3,  and  9  in  No.  4,  or  40  in  all.  In  Nebraska 
there  is  a  double  system  of  numbering,  both  divisions  one  and  two  being 
broken  up  into  subdivisions  marked  by  the  letters  of  the  alphabet. 

The  duties  of  the  State  engineer  and  of  the  superintendents  are  not 
the  same  in  each  State.  In  Colorado  the  division  superintendent  has 
general  oversight  of  the  work  of  commissioners  in  the  districts  of  his 
division  and  controls  the  distribution  of  water  between  districts  wher- 
ever a  stream  is  divided  up  into  sections,  as  are  both  the  South  Platte 
and  Arkansas,  in  divisions  one  and  two.  The  State  engineer  is  at  the 
head  of  the  entire  system.  He  furnishes  both  commissioners  and 
superintendents  with  their  instructions,  and  hears  api)eals  from  their 
action  wherever  parties  feel  aggrieved  thereat.  The  duties  of  engi- 
neer, superintendents,  and  commissioners  in  Colorado  are,  however, 
only  administrative.  They  take  the  districts  as  the  legislature  has 
defined  them  and  the  priorities  as  the  courts  have  decreed  them  and 
divide  the  water  in  accordance  therewith. 

In  Wyoming  the  State  engineer  and  four  division  superintenderktA 
perform  the  aawe  administrative  duties  as  do  \>Aft»^  o'^'c«k^  ycl  ^<^^- 
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rado.  But  in  addition  they  exercise  a  larger  measure  of  aathority  and 
hold  positions  of  greater  responsibility.  They  constitute  the  State 
board  of  control,  and  are  the  custodians  of  the  Staters  water  supply. 
They  determine  what  filings  shall  be  approved,  pass  n\H)u  the  proofs  of 
appropriators,  and  issue  thecertificatesof  appropriation.  Becauserights 
to  water  are  established  by  judicial  decree  in  other  States,  it  is  the  cus- 
tom of  those  not  familiar  with  the  differences  in  the  water  laws  to 
regard  this  board  as  exercising  imi)ortaiit  judicial  powers;  but  in  fact 
they  are  seldom  called  upon  to  exercise  such  powers  even  in  a  limited 
degree,  and  then  only  in  the  determination  of  rights  acquired  under  the 
Territorial  law.  The  surveys  of  ditches  and  irrigated  lands  are  made 
under  the  direction  of  the  State  engineer.  The  examinations  of  ditches 
and  of  lands  irrigated  are  usually  made  by  the  division  superintendent 
or  his  deputy.  But  the  performance  of  these  duties  and  the  issuance 
of  certificates  based  thereon  are  no  more  judicial  acts  than  are  the 
examinations  of  the  irrigation  of  desert  filings  by  a  public  land  inspec- 
tor or  the  taking  of  proof  of  reclamation  by  the  register  and  receiver 
of  the  land  office.  The  questions  which  have  to  be  dealt  with  are, 
however,  much  more  complex  than  those  relating  to  land  titles,  and  the 
board  is  an  important  body,  charged  with  serious  responsibilities. 
Special  training,  capacity,  and  experience  are  required  of  its  members 
to  insure  its  complete  success.  Thus  far  this  has  been  recognized.  It 
is  one  of  the  branches  of  the  State  government  where  the  merit  system 
has  been  adopted  in  the  civil  service.  Three  of  the  original  members 
have  served  continuously  since  the  admission  of  the  Territory  as  a 
State.  Several  water  commissioners  have  also  served  continuously.  In 
this. way  a  personal  familiarity  with  the  irrigation  development  of  the 
State  has  been  acquired,  which  is  of  the  utmost  value. 

In  Nebraska  the  State  engineer  has  a  dual  responsibility.  lie  exer- 
cises the  same  direction  over  the  work  of  water  commissioners  as  the 
engineers  of  Wyoming  and  Colorado.  But  in  addition,  as  in  Wyoming, 
his  ofiice  is  also  the  office  of  record  of  watertight  filings  for  the  entire 
State,  and  he  is  a  member  of  the  board  which  determines  the  rights 
acquired.  The  Nebraska  and  Wyoming  boards  of  control  are,  how- 
ever, differently  constituted.  In  Nebraska  its  members  are  the  gov- 
ernoi',  the  attorney-general,  and  commissioner  of  public  lands  and 
buildings.    The  State  engineer  is  secretary  and  executive  officer.  C 
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Those  who  read  the  following  discassion  of  the  State  laws  mast  keep 
in  mind  that  they  do  not  attempt  to  deal  with  the  entire  irrigation  code 
of  any  State.  On  the  contrary,  only  one  subjex;t — the  methods  of 
acquiring  title  to  the  public  water  supply — is  considered.  While  there 
are  other  irrigation  questions  of  great  moment  which  have  already 
been,  or  must  soon  be,  made  the  subject  of  legislation,  it  would  have 
tended  to  obscure  the  relation  of  stable  water  rights  to  the  success  of 
irrigation  to  have  presented  them  here. 

While  the  issues  created  by  many  of  the  laws  to  promote  canal  build- 
ing are  important,  and  many  laws,  like  those  accepting  the  Carey  act  or 
the  bonding  of  the  land  of  districts,  are  experiments,  the  fact  remains 
that  the  most  momentous  issue  in  this  as  in  all  other  irrigated  lands  is 
the  framing  of  laws  to  protect  the  actual  user  of  water  in  his  reason- 
able and  proper  use. 

WATER  LAWS  OF  COLOBABO. 

By  Hon.  John  E.  FibldS;  State  Engineer, 

Colorado,  the  pioneer  in  purely  irrigation  laws  in  the  United  States, 
has  of  necessity  been  compelled  to  develop  its  own  regulations  as  the 
needs  of  the  moment  required,  these  leading  often  to  unforeseen  diffi- 
culties. Separated  from  Europe  as  we  were  in  the  early  days,  it  was 
impossible  for  us  to  study  the  methods  as  developed  through  the  ages. 
Doing  the  best  according  to  our  light  as  each  emergency  arose,  we  have 
developed  a  system  at  once  a  guide  and  a  warning  to  those  who  have 
followed.  The  common  law,  as  developed  in  England  and  fostered  in 
the  humid  climate  of  our  own  country,  was,  under  the  altered  condi- 
tions of  the  arid  region,  inapplicable;  and  water,  instead  of  being  a 
mere  incident  to  the  soil,  rose  when  appropriated  to  the  dignity  of  a 
distinct  usufructuary  estate  or  right  of  property.  "The  common-law 
doctrine  as  to  riparian  rights  is  inapplicable  to  Colorado.^'  (Coffin  v. 
Lefthand  Ditch  Company,  6  Colo.,  447.) 

Though  California  and  Nevada  preceded  Colorado  in  the  appropria- 
tion of  water,  they  had  the  problem  of  water  for  placer  mining,  rather 
than  for  irrigation,  as  the  matter  of  first  importance,  and  so  developed 

1 A  second  bnlletin  (No.  60)  of  this  series  gives  extracts  of  water-right  laws  and 

forms  of  procedure  in  acquiring  titles  to  water. 
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a  system,  which  while  probably  well  adapted  to  their  own  uses,  is  not 
adaptable  to  appropriations  for  strictly  irrigation  purposes. 

The  criticism  of  the  Colorado  system  that  it  overrides  the  common 
law  (the  natural  law  and  rights  of  the  humid  region),  that  it  places 
parties  remote  from  a  stream  upon  the  same  footing  as  those  settled 
along  the  banks,  that  the  settler  may  be  deprived  of  rights  he  has 
enjoyed  for  years,  and  that  it  permits  unlimited  invasion  of  private 
lands  for  the  purpose  of  constructing  ditches  is,  I  think,  unjust. 

In  the  first  place  the  early  settler  along  the  stream,  not  havinif 
diverted  the  water,  had  no  use  for  it  other  than  for  domestic  and  stock 
purposes;  or,  if  perchance  his  meadow  was  overflowed  or  benefited  by 
the  abundance  of  water  in  the  stream,  he  still  has  the  right  whenever 
the  diversion  is  so  great  as  to  injuriously  affect  him  to  construct  a  ditch 
sufiicient  to  irrigate  the  meadow  laud.  Unlimited  invasion  of  rights  is 
not  permitted,  the  most  feasible  route  and  the  least  number  of  ditches 
only  being  allowed,  and  only  upon  payment  of  just  compensation. 

Our  law  results  in  the  greatest  good  to  the  greatest  number;  enconr« 
ages  the  reclamation  of  the  best  (the  mesa)  land;  encourages  economy         :: 
of  use;  and  as  our  laws  and  the  custom  of  appropriation  were  prior  to 
or  coincident  with  the  settlement  along  the  streams,  settlers  had  no         \ 
vested  rights,  and  settled  with  the  full  knowledge  of  the  rights  of         '*< 
others.    The  only  possible  injustice  might  be  to  the  citizens  of  a  neigh- 
boring  State,  and  indeed  this  has  caused  some  agitation  of  late,  the       v/ 
merits  of  which  question  I  will  not  here  discuss,  except  to  say  that        ; . 
probably  our  appropriations  antedate  the  settlement  of  their  State,  and 
that  they  had  knowledge  of  the  probabilities  of  a  scarcity  of  water  in 
the  streams.     Ultimately,  however,  I  believe  that  seepage  and  return 
waters  will  result  in  a  more  uniform  and  desirable  flow  on  the  lower 
portions  of  the  river. 

The  earliest  irrigation  in  Colorado  was  practiced  by  the  Mexicans 
along  the  streams  in  the  southerly  part  of  the  territory,  and  taught  as 
little  of  economical  methods  or  the  rights  of  water,  and  less  of  the        -. 
great  diversity  of  crops  possible  under  irrigation.    The  ditches  were 
generally  small  and  in  the  immediate  vicinity  of  the  streams,  covering         S 
only  the  low  bottom  lands,  with  small  areas  and  insignificant  crops. 

When  the  bottom  lands  were  exhausted  for  settlement  the  mesas        1 
were  next  taken  up,  and  then,  of  necessity,  began  the  construction  of 
larger,  longer,  and  more  expensive  canals,  requiring  the  combined       .iv 
efforts  of  a  number  of  settlers.  ?i 

The  most  advanced  of  these  efforts,  known  as  community  enter-  * 

prises,  resulted  in  the  settlement  of  Greeley  in  1870,  whose  example  has 
since  been  generally  followed  in  all  j)arts  of  the  State.  Some  eight 
years  later  began  the  era  of  canal  building  by  corporations,  using  large 
amounts  of  outside  capital  and  reclaiming  many  thousands  of  acres. 
The  area  of  the  irrigated  land  amounted  in  1884,  according  to  the  esti- 
mate of  the  State  engineer,  to  about  1,000,000  acres,  and  in  1897, 
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from  the  same  source,  to  2,000,000  acres,  the  great  majority  of  which 
was  reclaimed  from  the  uplands  and  by  corx>orate  or  community  enter- 
prises. I  would  say,  however,  that  I  consider  the  figures  for  1884 
excessive,  while  those  of  1897  are  probably  much  too  low,  as  they  rep-. 
resent  simply  the  aggregate  acreage,  as  reported  by  the  water  com- 
missioners of  the  several  districts,  a  number  of  whom  filed  no  reports. 

As  between  the  rights  acquired  under  the  Territorial  laws  and  those 
acquired  since  the  adoption  of  the  State  constitution,  there  appears  to 
be  no  difference.  By  the  Territorial  laws  of  1861  the  owners  of  land 
along  a  stream  were  entitled  to  water,  and  <<the  water  of  every  natural 
stream  not  heretofore  appropriated  •  •  •  is  hereby  declared  the 
property  of  the  public,  and  is  dedicated  to  the  people  of  the  State  sub- 
ject to  api)ropriation."  (Article  5,  constitution.)  These,  with  the  act 
of  Congress  of  1866  ratifying  the  right  of  appropriation,  are  the  basis 
of  the  right  of  appropriation  under  State  and  Territorial  laws. 

No  records  of  the  early  appropriations  were  required,  and  except  in 
rare  instances  no  filings  whatever  were  made,  and  it  was  generally 
supposed  at  that  time  that  a  deed  to  land  carried  the  right  of  water 
with  it.  This  supposition  was  undoubtedly  correct  as  to  private  ditches, 
constructed  for  the  express  purpose  of  irrigating  a  given  piece  of  land, 
but  does  not  apply  to  corporate  ditches  in  which  the  water  right  is 
represented  by  stock  in  the  corporation.  It  was  not  until  1881  that 
any  provision  was  made  for  recording  water  rights.  By  this  law  claims 
were  filed  with  the  county  clerk  only.  By  the  amendment  of  1887  it 
was  required  that  they  be  also  filed  with  the  State  engineer.  Not  until 
1879  was  any  provision  made  for  the  proper  control  and  distribution  of 
the  waters  by  and  under  State  authority.  At  that  time  water  districts 
were  created  and  commissioners  appointed,  but  the  law  being  defective 
in  many  respects,  was  repealed,  and  another  passed  by  the  legislature  in 
1881,  at  which  time  the  offices  of  State  engineer  and  superintendents  of 
irrigation  were  created.  As  early  as  1861,  however,  the  legislature 
foresaw  the  necessity  of  providing  for  the  distribution  of  water,  and 
anticipated  a  shortage  in  the  supply.  This  law  of  1861,  as  amended  in 
1870,  provided  that  the  county  judge  should  appoint  three  commission- 
ers, urtiose  duty  it  was  "to  apportion  in  a  just  and  equitable  proportion 
a  certain  amount  of  said  water,  upon  certain  or  alternate  weekly  days, 
to  different  localities,  as  they  may  in  their  judgment  think  best  for  the 
interest  of  all  parties  concerned  and  with  due  regard  to  the  legal 
rights  of  all." 

It  appears  that,  while  this  law  was  never  repealed,  that  ^<  due  regard  to 
the  legal  rights  of  all,"  in  accordance  with  the  court  decisions,  made  it 
inoperative,  inasmuch  as  the  'Hegal  rights"  of  an  appropriator  gave 
him  a  continuous  flow  to  the  amount  of  his  decree,  of  which  he  could 
not  be  deprived  on  certain  or  alternate  days  for  the  benefit  of  a  later 
decree.  (Farmers,  etc.,  t?.  Southworth,  13  Colo.,  111.)  And  the  only 
prorating  allowable  in  this  State  is  between  the  owner  or  users  in  com- 
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mou  of  a  ditch  or  reservoir.  (Laws  of  1879,  p.  97. )  Here  priority  of  Q86 
does  not  apply,  as  <<  consumers  taking  water  from  a  carrier  within  a 
reasonable  time  after  the  carrier's  diversion  have  the  same  priority 
ds^ting  from  such  diversion.  As  to  such  consumers,  the  prorating  is 
constitutional."    (Farmers,  etc.,  r.  Southworth,  13  Colo.,  111.) 

The  courts  were  first  given  power  in  the  establishment  of  decrees  bj 
the  legislature  in  1879,  and  jurisdiction  was  then  vested  exclusively  in 
the  district  court.  In  1881  a  similar  law  was  passed,  providing  that 
'* every  person  •  •  •  within  any  water  district  shall,  on  or  before 
June  1, 1881,  file  with  the  clerk  of  the  district  court  •  •  •  a  state- 
ment of  claim,  which  shall  contain  the  name  and  post-office  address  of 
claimants,  name  of  canal  or  reservoir,  and  a  description  thereof,  source 
of  supply,  date  of  appropriation  by  original  construction,  and  also  of 
enlargement." 

While  the  filing  of  this  claim  was  mandatory,  in  later  decisions  its 
omission  was  adjudged  not  a  fatal  defect  in  proving  an  appropriation 
and  obtaining  a  decree. 

The  act  of  June  1, 1881,  provides  that  anyone  may  petition  the  court 
for  adjudication  of  water  rights,  and  the  court  then  will  appoint  a  day 
for  the  hearing,  and  render  a  decision  in  accordance  with  the  proof  and 
evidence  submitted.  Proper  notice  to  interested  j)arties  is  provided 
for,  the  court  having  power  to  make  just  rules  and  regulations.  The 
court,  for  good  cause  shown,  may  review  tlie  evidence  within  two  years; 
and  in  case  of  appeal  to  the  supreme  court  that  court  may  amend  or 
make  a  new  decree  or  remand  with  instructions.  But  after  a  lapse  of 
four  years  from  the  time  of  rendering  a  decree,  all  parties  whose  inter- 
ests are  thereby  affected  shall  be  deemed  and  held  to  have  acquiesced 
in  the  same.^  In  all  these  proceedings  ample  provision  is  made  pro- 
tecting interested  parties;  but  in  no  place  is  the  State  made  a  party. 
Waters  are  appropriated,  decrees  granted,  and  the  right  to  use  passed 
to  individuals;  and  the  State,  the  most  interested  party,  and  the  inter- 
ests of  appropriators  yet  to  come,  are  ignored. 

In  this  State  the  first  step  in  obtaining  title  to  water  is  to  file  a 
statement  of  the  appropriation  in  the  ottices  of  the  State  etigineer  and 
the  county  recorder.  The  date  of  appropriation  may  be  the  date  6f  the 
commencement  of  the  survey,  and  work  must  begin  within  ninety  days 
from  the  date  of  the  certificate,  prosecuted  with  due  diligence,  and 
completed  within  two  years.  In  the  case  of  Humes,  however,  or  of  a 
company  formed  for  the  purpose  of  constructing  a  ditch,  three  years 
are  allowed  for  the  completion  of  the  work.  The  water  having  been 
beneficially  applied  and  the  work  completed,  an  adjudication  of  pri- 
orities is  in  order.  There  is  first  filed  with  the  clerk  of  the  district 
court  a  statement  of  claim  setting  forth  the  names  of  the  applicants, 
name  of  the  ditches,  their  location,  dimensions,  etc.,  and  the  court  is 
then  petitioned  to  set  a  time  for  the  hearing  of  evidence.    It  is  the 


'  The  present  attitude  of  the  courtH  is  tliut  alter  two  years  a  decree  is  unassailable. 
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oustom  generally  for  the  court  to  appoint  a  referee,  who  hears  and  takes 
the  evidence.  Said  referee  sets  a  day  for  the  hearing  to  begin,  and,  if 
the  district  is  large,  designates  several  dates  when  he  will  take  evidence 
in  as  many  different  localities.  Notice  of  hearing  is  given  by  publica- 
tion in  local  papers  and  by  posting  in  conspicuous  places  throughout 
the  district  for  at  least  twenty  days  prior  to  the  date  set  for  hearing. 
With  this  notice  is  a  copy  of  the  order  appointing  him  as  such  referee, 
and  all  interested  parties,  as  appears  by  the  application,  are  notified, 
and  all  other  persons  within  the  district  are  directed  to  file  their  appli- 
cation in  similar  manner.  At  the  trial  all  interested  parties  may  give 
evidence,  and  all  evidence  previously  given  is  open  for  inspection. 
Failure  to  offer  evidence  deprives  the  delinquent  of  the  right  to  use 
water  in  case  of  scarcity  until  such  time  as  he  shall  have  made  appli- 
cation and  obtained  a  decree  in  the  regular  manner.  The  referee  hav- 
ing submitted  his  findings  in  writing  to  the  court,  there  being  no 
exceptions  made,  the  court  finds  in  accordance  therewith ;  the  priorities 
being  numbered  consecutively  in  the  order  of  their  dates,  ditches  and 
reservoirs  being  in  a  separate  series.  Copies  of  the  decree  are  furnished 
to  the  superintendent  of  the  division  and  are  kept  in  the  office  of  the 
State  engineer. 

Companies  incorporated  for  the  purpose  may  in  like  manner  appro- 
priate water  and  obtain  decrees  for  the  users  under  their  canal,  and 
may  charge  an  annual  rental  for  the  carrying  of  the  water.  They  are 
prohibited  from  exacting  a  royalty  or  requiring  an  advance  payment 
of  the  annual  charges.  The  maximum  annual  charges  maybe  fixed 
by  the  board  of  county  commissioners  of  the  county  in  which  the  lands 
irrigated  lie,  and  the  common  carrier,  as  such,  must,  when  application 
is  made  by  a  consumer  and  proper  tender  made,  sell  him  the  amount  of 
water  necessary  so  long  as  there  is  a  supply.  (Wheeler  v.  Northern 
Colo.  I.  Co.,  10  Colo.,  582.)  And  any  person  who  shall  have  purchased 
water  for  irrigation,  and  shall  not  have  ceased  to  do  so  with  the  intent 
to  procure  water  from  some  other  source,  shall  have  the  right  to  con- 
tinue to  purchase  water  in  the  same  amount  on  paying  or  tendering 
the  price  fixed. 

A  decree  having  been  obtained,  the  right  to  the  use  of  water  con- 
tinuously  to  the  extent  of  the  decree  holds;  and  all  or  any  part  may 
be  sold  or  transferred  to  other  parties.  (Knowles  v.  Clear  Creek 
P.  R.  &  M.  D.  Co.,  Supreme  Court  Colo.,  33  Pac,  279.)  The  surplus 
waters  from  either  an  excessive  decree  or  the  result  of  a  higher  duty 
may  be  carried  by  extensions  of  the  ditch  to  new  lands  and  there 
applied  (Coffin  v.  Lefthand  Ditch  Co.,  6  Colo.,  449);  or  it  may  be  trans- 
ferred either  up  or  down  the  stream,  provided*  other  decrees  are  not 
injuriously  affected.    (Laws,  1881,  p.  664.) 

It  may  be  transferred  to  a  different  drainage.  (Coffin  v.  Lefthand 
Ditch  Co.,  6  Colo.,  443 ;  also  Laws,  1897,  p.  178,  and  Hammond  v.  Rose,  11 
Colo.,  526.)    In  fact  there  appears  to  be  no  limitation  placed  upon  the 
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possessor  except  by  the  laws  of  nature  and  the  established  rights  of 
others. 

In  case  a  ditch  can  not  carry  the  amoant  of  water  decreed  it,  enlarge* 
ment  is  permitted,  anless  parties  injuriously  affected  bring  suit  and 
prove  abandonment;  but  what  constitutes  abandonment  is  indefinite, 
for  <^  it  is  not  reasonable  to  suppose  that  the  priority  of  right  of  water 
where  water  is  scarce  or  likely  to  become  so  will  be  lightly  sacrificed 
or  surrendered  by  its  owner."    (Rominger  r.  Squires,  9  Colo.,  329.) 

A  person  on  whose  land  water  rises  has  the  first  right  to  the  use  of 
such  water,  but  not  as  against  the  established  rights  of  others  lower 
down  on  the  stream. 

Seepage  and  waste  waters  may  be  appropriated,  and  are  governed 
by  the  same  laws  as  waters  from  running  streams.  (Laws,  1889,  p.  215.) 
Persons  who  shall  have  enjoyed  the  use  of  water  of  a  stream  upon 
meadow  lands  by  natural  overflow  are  permitted,  in  case  of  the  dimin- 
ishing of  the  flow  to  the  extent  of  depriving  them  of  the  benefits  of  such 
overflow,  to  construct  a  ditch  to  irrigate  such  meadow,  the  date  of 
priority  being  the  same  as  though  the  ditch  had  been  constructed  at 
the  time  such  meadow  was  first  occupied  as  meadow  ground.  (LawS| 
1879,  p.  106.) 

Eight  of  way  for  ditches  may  be  obtained,  limited  to  the  shortest  and 
most  feasible  route,  and  the  number  of  ditches,  wliether  owned  by  one 
or  more  parties  kept  at  the  minimum,  and  to  this  end  existing  ditches 
may  be  enlarged  to  accommodate  the  waters  of  the  later  comers. 
(Laws,  1881,  p.  164.)  Ditches  are  not  subject  to  taxes,  except  where  the 
same  are  constructed  for  the  purpose  of  deriving  a  revenue  therefirom. 
(Laws,  1872,  p.  143.) 

By  the  laws  of  1879  (p.  106),  persons  desiring  to  construct  and  main- 
tain reservoirs  for  the  purpose  of  storing  water  m<ay  take  any  unap- 
propriated waters  for  that  purpose,  or  those  not  needed  immediately  for 
domestic  or  irrigating  purposes,  and  may  conduct  such  waters  therefrom 
in  the  bed  of  any  natural  stream,  and  divert  the  same  again  without 
regard  to  priorities  of  others,  allowance  having  been  made  for  loss  in 
transit;  and,  for  the  more  accurate  measurement  of  the  waters  when  so 
conducted,  must  maintain  an  automatic  or  self-registering  device  in  a 
measuring  flume  or  weir  at  the  outlet  of  the  reservoir. 

Domestic  is  a  higher  and  preferred  use  to  irrigation  or  manufactur- 
ing, but  only  in  so  far  as  to  have  the  right  of  condemnation.  It  is  not 
permitted  to  wastefully  conduct  water  for  domestic  purposes  in  large 
open  canals.  The  abandonment  of  the  use  of  water  by  a  mill  does  not 
cause  the  water  to  revert  to  the  public  for  use  in  the  order  of  priority 
of  all  the  ditches  on  the  stream,  but  it  continues  to  supply  those  ditches 
in  order  of  priority  which  enjoyed  the  benefit  of  the  returns  of  such 
water  to  the  stream  after  having  performed  its  duty  for  the  milL 

Aside  from  making  the  proper  filings  and  obtaining  decrees,  owners 
of  canals  and  ditches  must  maintain  embankments,  proper  waste  ways 
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at  the  nearest  practical  point  to  the  head  gate,  bridges  and  crossings; 
and,  when  in  the  limits  of  a  city  of  the  first-class,  canals  and  ditches 
mast  be  covered  and  provided  with  sufficient  safeguards  to  the  public. 
Owners  must  prevent  waste,  are  not  allowed  to  use  an  excess  of  water, 
and  must  keep  head  gates  and  measuring  flumes  in  repair.  All  owners 
of  canals  carrying  water  for  pay  shall,  when  demanded,  keep  water  in 
their  canals  from  April  1  to  ^November  1,  so  far  as  practicable. 

It  is  the  duty  of  a  consumer  to  see  that  he  obtains  no  more  wator 
than  rightfully  belongs  to  him.  (Laws,  1887,  p.  312.)  Co-owners  must 
pay  their  pro  rata  of  expenses;  such  expenditures  may  become  a  lien 
on  the  interest  of  any  delinquent. 

The  State  is  divided  first  into  six  grand  divisions,  over  each  of  which 
is  an  officer  called  a  superintendent,  each  division  representing  a  cer- 
tain drainage  area.  Ko.  1  is  the  South  Platte  drainage;  !N'o.  2,  the 
Arkansas;  Ko.  3,  the  Kio  Grande,  etc.  Each  of  these  divisions  is 
divided  again  into  numerous  districts,  each  under  the  direction  of  a 
water  commissioner,  of  which  there  are  G9  in  the  State;  generally 
speaking,  they  include  the  drainage  of  a  certain  tributary  or  portion 
of  the  main  stream.  The  commisioners  may  apx)oint  deputies  to  assist 
them.    (See  map,  Plate  III.) 

The  administrative  department  consists  of  the  State  engineer  and 
the  six  superintendents  of  divisions  appointed  by  the  governor,  and  of 
the  water  commissioners,  also  appointed  by  the  governor  from  nomina- 
tions made  by  the  board  of  county  commissioners.  The  State  engineer 
is  paid  from  State  funds,  while  the  superintendents  and  commissioners 
are  paid  by  the  counties  into  which  their  jurisdiction  extends. 

The  duties  of  the  State  engineer  are  numerous.  Besides  having 
charge  of  State  engineering  work  and  acting  as  adviser  in  that  capacity 
for  the  different  departments,  he  is  the  head  of  the  irrigation  officers,  to 
whom  appeal  may  be  made  from  commissioners  and  superintendents. 
He  has  supervising  control  over  the  public  waters,  makes  measurements 
of  the  flow  of  the  streams,  collects  data  on  irrigation  works,  canals, 
reservoirs,  and  artesian  wells  as  well  as  on  the  snow  fall,  and  estimates 
the  probable  supply  of  water  from  that  source.  Designs  and  plans  for 
dams  in  excess  of  10  feet  in  height  are  subject  to  his  approval.  He 
furnishes  the  commissioners  and  superintendents  data  and  information 
for  the  proper  and  intelligent  discharge  of  their  duties;  requires  the 
owners  to  supply  ditches  with  measuring  devices,  and  superintends 
their  construction,  rates  the  flumes,  and  in  addition  collects  statistics 
of  crops  and  the  water  used  in  the  different  ditches  by  districts. 

The  superintendent  of  a  division  has  general  control  over  the  water 
commissioners  in  his  division,  and  has  the  power  to  call  out  commis- 
sioners at  any  time.  He  is  furnished  by  the  clerk  of  the  district  court 
with  copies  of  decrees,  tabulates  the  same,  and  furnishes  the  commis- 
sioners with  a  copy  thereof  for  the  ditches  in  each  district;  but  Ma 
especial  and  main  duty  is  to  regulate  ttie  fto\f  oV  ^^XjetvoXft  ws^^^ws^ 
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each  district,  so  that  priorities  of  eciual  dat«  receive  water,  or  are  shut 
of!'  ill  the  diHerent  districts  tliron^hout  his  entire  division. 

The  commissioners  rei>ort  to  him  Ciich  week  tlie  names  of  ditches 
drawing  water,  and  if  the  supply  runs  short  make  a  retpiest  for  water, 
and  when  it  occurs  that  ditches  of  a  later  decree  in  the  district  next 
above  are  receiving  water,  the  superintendent  orders  su<*h  ditches  closed 
and  the  water  sent  down  to  the  older  appropriators  below.  The  com- 
missioner has  direct  charge  of  the  head  gates.  It  is  his  duty  to  open 
or  close  the  same  in  accordance  with  date  of  priority  and  to  see  that 
water  goes  into  the  next  district  below  in  ('om[)liance  with  instructions 
from  the  superintendent.  It  is  his  duty  to  see  that  water  is  not  wasted; 
he  is  invested  with  police  authority  and  may  arrest  any  porson  violat- 
ing his  orders.  He  must  devote  his  entire  time  to  his  oflicial  duties; 
report  head  gates  and  rating  tlumes  not  kei>t  in  repair;  and  each  season 
l)repare  a  tabulated  statement  for  his  district  giving  the  name  of  ditch, 
average  amount  of  water  carried  for  the  season,  number  of  days  water 
was  carried,  number  of  acres  in  alfalfa,  wild  hay,  grain,  and  fruit,  also 
number  of  acres  capable  of  being  irrigated  from  each  ditch. 

In  their  fundamental  i)rinci]>les  the  Colorado  irrigati<m  laws  are 
good — i.  e.,  that  the  water  is  the  proiMjrty  of  the  people  and  its  use 
subject  to  priority  of  appropriation  dependent  on  its  beneficial  use. 
But  the  principle  of  next  importance  is,  T  think,  in  error — that  is,  the 
segregation  of  the  water  from  the  land — and  tlu^  right  of  transfer  gives 
too  great  privileges  to  the  appropriator  aiul  tends  in  practice  to  the  pos- 
session of  the  water  itself,  and  not  simply  to  the  right  to  its  use. 

An  appro])riator  primarily  takes  water  for  a  s])ecilic  purpose  for  a 
definite  tract  of  land,  and  is  granted  as  much  as  is  necessary  for  his  use, 
with  a  fixed  maximum  also  conditioned  on  its  beneficial  aii<l  ei;onomio 
use.  Tlius  in  the  very  beginning  uiuised  or  surplus  water  does  not 
belong  to  him;  and  why,  then,  should  he  be  permitted  to  s(>ll  atul  trans- 
fer what  is  not  his!  Where  wouhl  be  the  hardship  in  jjerinitting  him 
to  continue  the  use  of  water  as  he  had  always  used  it?  Obviously, 
there  would  be  none,  and  there  is  no  chance  for  abuses  if  the  law  pro- 
hibiting wiiste  is  enforced,  as  the  only  possible  abuse*  would  be  wasteful 
application.  But  with  the  transfer  of  tlie  water  to  otluM*  land  and  other 
owners  infinite  complications  arise.  The  first  <|uestion  is,  whether  any 
one  is  injuriously  afl'ected  by  the  change;  under  tin*  new  conditions  will 
the  same  water  be  diverted!  Would  not  the  ])riority  be  supplied  by 
seepage  or  tributaries  between  the  two  j)oints?  Is  the  cliange  de[)riv- 
ing  someone  below  of  his  seejiage  and  waste?  Is  not  tin*  entin»  burden 
of  loss  thrown  on  the  users  below  ?  These  are  tilings  that  tlie  eflicient 
administration  of  the  law  can  not  prevent.  In  additir)ii,  there  are  the 
abuses  incident  to  our  imperfect  method  of  apiiropriation  and  decrees. 
Many  decrees,  and  especially  our  early  ones,  were,  greatly  in  exitess 
of  the  amount  actually  put  to  a  beneficial  use.  Permitting  the  use  of 
a  certain  appropriation  on  other  lands  encourages  the  gradual  enlarge- 
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ment  of  ditches  to  their  fall  decree  to  the  detriment  of  all  subsequent 
decrees.  While  this  may  be  small  in  a  particular  case  (which  it  often 
is  not),  yet  in  the  aggregate  the  loss  to  later  decrees  is  disastrous. 
With  the  offenses  scattered  in  time  and  place,  the  damages  indefinite 
and  small  at  any  particular  time,  but  insidious  and  persistent,  though 
slow,  in  their  encroachments,  the  injured  parties,  also  numerous  and 
scattered,  with  a  common  cause,  but  not  united,  the  offense  goes  unrec- 
tified  until  by  their  own  inaction  the  injured  appear  to  acquiesce  in 
their  own  destruction. 

This  enlargement  of  ditches,  I  believe,  is  not  in  accordance  with 
court  decisions,  yet  there  is  one  case  I  can  not  refrain  from  quoting, 
which  is  so  obvious  in  its  tendencies  as  to  require  no  comments.  I  quote 
verbatim  from  pages  52  and  53  of  the  fifth  biennial  report  of  the  State 
engineer  for  1889  and  1890: 

David  A.  Rankin  et  al.,  plaintiifs, 

r. 
The  Colorado  Agkicultural  Ditch  Company, 
The  Clear  Creek  and  Platte  River  Mill 
AND  Ditch  Company,  et  al.,  defendauts. 

The  groundwork  for  the  coniplaiDt  was  an  application  on  the  part  of  tbe  plaintiffs 
to  this  department  to  have  the  water  decreed  to  the  Clear  Creek  and  Platte  River 
Mill  and  Ditch  Company,  by  virtue  of  its  enlargement  in  1863,  to  wit,  20.56  cubic 
feet  of  water  per  second  of  time,  turned  into  the  Colorado  Agricultural  Ditch, 
alleging  that  the  two  ditches  had  thie  same  head  gate;  that  their  lines  were  practi- 
cally parallel  and  contiguous;  and  that  this  water  was  originally  appropriated  to 
and  for  their  lands,  which  lay,  principally,  under  the  Clear  Creek  apd  Platte  River 
Ditch;  but  on  account  of  the  difficulty  of  diverting  tbe  water  at  the  head  of  the 
latter  ditch,  and  for  the  purpose  of  securing  a  full  aud  uniform  flow  of  water,  they 
had  constructed  the  Colorado  Agricultural  Ditch. 

For  the  purpose  of  determining  the  matter  of  the  application,  I  had  an  examina- 
tion and  measurement  made  of  the  Clear  Creek  and  Platte  River  Ditch,  from  which 
it  was  ascertained  that  the  points  of  diversion  of  the  two  ditches  were  originally 
about  80  rods  apart,  that  of  the  Colorado  Agricultural  Ditch  being  the  upper;  that 
owing  to  the  difficulty  of  maintaining  a  head  gate  and  dam  at  the  lower  place  the 
two  were  merged  into  one  and  the  waters  of  both  ditches  carried  in  the  Colorado 
Agricultural  Ditch  to  a  point  of  divergence  near  the  old  head  of  the  Clear  Creek 
aud  Platte  River  Ditch,  and  further  that  the  Clear  Creek  and  Platte  River  Ditch  did 
not  have  at  the  time  of  measurement  and,  from  the  best  information  obtainable^ 
never  had  capacity  sufficient  to  carry  the  water  decreed  under  its  original  appropri- 
ation ;  and  that  consequently  any  waters  used  on  the  lands  of  the  plaintiffs  from  the 
latter  ditch  must  have  been  from  that  original  appropriation;  that  they  could  not 
have  appropriated  and  used  water  the  ditch  could  not  carry. 

Had  the  application  been  made  to  transfer  a  portion  of  the  water  decreed  nnder 
the  original  construction  (within  the  limits  of  the  ditch's  capacity)  a  different  con- 
clusion would  probably  ha've  been  arrived  at,  for  it  was  not  intended  to  deny  the 
right  of  the  plaintiffs  to  carry  the  water  justly  belonging  to  them  through  the  best 
and  most  economical  channels  onto  their  lands. 

The  Colorado  Agricultural  has  a  decree  for  30.20  cubic  feet,  dated  March  5, 1867. 

The  Clear  Creek  and  Platte  River  has  a  decree  for  49.50  cubic  feet,  under  original 
construction,  dated  November  1,  1861,  and  for  20.56  cu'bic  feet,  under  enlargement, 
dated  November  5, 1863. 
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Tbo  effect  of  such  a  permit  woald  be  to  give  the  Colorado  Agrionltoral,  m  dileh 
coDstnicted  iu  1867;  a  decree  for  20.56  cabic  feet,  dating  back  to  1863,  and  this  watac 
muBt  be  taken  from  some  other  ditch  having  an  appropriation  prior  to  the  lattsr 
date,  because  it  could  not  bo  taken  from  the  Clear  Creek  and  Platte  River,  m  diteh 
that  could  not  carry  it  and  had,  therefore,  never  appropriated  it. 

The  court  ordered  and  adjudged  that  the  officers  of  this  department  be  directed 
to  turn  and  allow  to  flow  in  the  Colorado  Agricultural  Ditch  all  of  the  water  appro- 
priated and  decreed  to  the  said  Clear  Creek  and  Tlatte  River  Mill  and  Ditch  Com* 
pany,  by  virtue  of  its  eulargement  in  1863,  to  wit,  20.56  cubic  feet  of  water  per 
second  of  time. 

As  to  remedies  for  this  evil  there  is  one,  I  think,  that  would  meet 
tlie  requirements  and  put  a  stop  to  future  enlargements.  Each  ditch 
should  have  its  maximum  capacity  determined  and  made  a  matter  of 
record,  and  this  amount  should  remain  the  maximum  amount  allowed 
the  ditch,  notwithstanding  any  decree  in  excess  thereof;  and  in  case  of 
more  than  one  decree  for  a  ditch,  the  most  lil>eral  interjiretation  should 
be  given  by  allowing  the  quantity  to  be  distributed  to  each  decree  in 
order  of  priority  until  exhausted,  thus  annulling  the  latest  decrees  firsti 
the  second  latest  next,  and  so  on. 

To  prevent  a  continuance  of  the  abuses  I  believe  that  applicants  for  a 
decree  should  be  compelled  to  show  a  certificate  from  the  State  engineer 
that  he  has  examined  their  ditch,  and  that  its  capivcity,  length,  course, 
number  of  acres  under  it,  kind  of  soil,  and  probable  amount  of  water 
required  have  been  determined  by  him,  giving  iu  the  certificate  theee 
various  items. 

This  would  be  of  great  value  to  the  judge  or  referee;  would  be  both 
expert  and  practical  testimony  by  a  disinterested  witness;  the  State 
would  be  very  properly  represented;  the  interests  of  subsequent  appro* 
priators  would  be  protected,  and  at  the  same  time  a  valuable  reomi 
of  the  canals  and  irrigation  works  of  the  State  would  be  secured. 

In  the  case  of  large  enteri)rises,  where  considerable  time  for  botih 
construction  and  settlement  is  necessary,  there  could  be  a  declaration 
of  intention  and  a  time  fixed  by  the  State  engineer  for  the  completioa 
of  the  work.  If  completed  within  the  specified  time,  then  priority  to 
date  from  the  commencement  of  work;  if  not,  priority  gnuited  bearing 
that  date,  but  for  an  amount  proportionate  to  the  work  completed. 
Should  the  company  care  to  continue  the  work,  allow  another  declara- 
tion of  intention,  as  in  the  first  instance. 

I  have  here  given  only  a  few  of  the  evils  which  beset  us  of  Colorado^ 
and  have  not  attempted  to  discuss  at  length  the  merits  or  demerits  of 
the  systems  of  attivchiug  and  separating  the  land  and  the  water.  This 
has  been  ably  done  by  others  and  at  greater  length  than  permitted  me 
here;^  both  experience  and  history  point  one  way. 

He  who  expects  the  letter  of  the  law  in  relation  to  irrigation  to  be 
executed  with  the  precision  of  clockwork,  and  that  infallible  results 
will  be  obtained,  has  a  small  conception  o£  the  tangled  web  of  diffi- 


>See  State  engineer  s  report^  Wyoming,  1895  and  1S96,  p.  57. 
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culties  iu  the  way,  and  a  meager  knowledge  of  the  uncertainties  of  the 
element  manipulated. 

Therefore,  I  claim  that  the  administration  of  water,  except  on  the 
broadest  principles,  should  not  be  reduced  to  a  law.  It  is  impossible  to 
fix  a  rule  that  will  meet  any  but  exceptional  cases,  and  the  only  practical 
way  to  properly  administer  the  laws  we  have  is  to  give  the  greatest 
possible  latitude  to  the  irrigation  department,  subject  always  to  review 
by  the  courts.  My  experience  is  that  it  is  rare  to  find  an  officer  who 
has  not  the  good  of  his  district  at  heart,  and  there  are  fewer  charges 
of  favoritism  or  injustice  than  there  are  that  the  letter  of  the  law  has 
not  been  followed  and  the  pound  of  flesh  allowed.  What  few  com- 
plaints have  come  to  me  have  resulted  from  mere  differences  in  the 
interpretation  of  the  law. 

The  officers  should  be  selected  with  a  view  to  theii  fitness  for  the 
places  they  have  to  fill,  and  should  not  be  subject  to  local  influences. 
Dependent  as  our  commissioners  are  for  both  their  positions  and  pay  on 
the  whim  of  the  county  officials,  the  results  can  not  be  entirely  satisfac- 
tory. Therefore  both  superintendent  and  commissioners  should  be 
appointed  by  the  governor  and  paid  by  the  State.  Aspirants  for 
appointment  should  be  qualified  to  i)erform  their  duties  intelligently, 
and  be  able  to  compute  the  flow  of  water. 

The  commissioners  should  be  empowered,  in  case  of  refusal  of  the 
owners  of  any  ditch  to  place  head  gates,  make  repairs,  or  to  obey 
ordejTS,  to  shut  the  water  oft'  until  such  orders  are  complied  with,  and 
when  water  has  been  turned  off  and  the  consumer  notified  thereof,  any- 
one using  water  which  may  be  in  the  ditch,  contrary  to  orders,  should  be 
deemed  guilty  the  same  as  if  he  had  opened  the  head  gate.  Officers  of 
the  irrigation  department  should  be  defended  iu  all  actions  by  the  dis- 
trict attorney,  and  costs  should  in  no  case  be  adjudged  against  them 
except  in  case  of  willful  oppression  or  malfeasance,  and  parties  bene- 
ficially interested  should  be  made  parties  to  the  suit. 

I  regret  that  it  is  not  permitted  iu  this  State  to  rotate  water,  as  by 
that  method  a  much  higher  efficiency  could  be  obtained.  When  each 
user  is  allowed  all  the  water  he  can  handle  for,  say,  two  days  each 
week,  he  prepares  himself,  and  when  the  water  comes  every  drop 
counts.  More  land  is  irrigated  in  less  time;  there  is  no  water  running 
to  waste  and  washing  out  gullies  at  night;  seepage  and  evaporation 
are  lessened  in  the  laterals,  and  when  the  two  days  are  up  he'can  do 
something  else,  and  is  not  harassed  to  death  with  an  intermittent 
little  stream,  the  results  of  "borrowing'^  on  the  sly  by  his  neighbors. 

The  State  engineer  should  be  vested  with  power,  in  case  of  emergen- 
cies, to  arbitrarily  divert  water  for  strictly  domestic  use,  as  it  often 
happens  that  settlers  under  a  ditch  which  has  been  closed  suffer  greatly 
for  water  for  themselves  and  for  their  stock. 

As  between  seepage  and  waste  waters  and  the  natural  flow  from 
existing  springs,  it  appears  to  me  the  line  is  not  sufficiently  marked. 
10477— No.  58 4 
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If  tbe  former  has  for  a  namber  of  years  been  finding  its  way  to  the 
streams,  and  appropriators,  albeit  unconscioasly,  have  been  using  this 
water,  an  appropriator  of  this  water  before  it  reaches  the  river  should 
be  allowed  to  ase  only  the  amount  of  the  increase  which  is  the  result 
of  his  labor  in  reclaiming  the  water. 

WATER  LAWS  OF  KANSAS. 

In  the  western  third  of  Kansas  irrigation  is  a  necessity,  but  this  fact 
was  not  realized  until  the  greater  part  of  that  region  had  been  settled 
and  the  failure  of  agriculture  by  rainfall  established  by  experience. 
This  explains  some  of  the  features  of  the  Kansas  irrigation  laws  which 
are  peculiar  to  that  State. 

The  lict  of  1897  is  not  general,  but  only  applies  to  that  x>ortion  of  the 
State  west  of  the  ninety-ninth  meridian.  The  earlier  acts  applied  to 
the  entire  State.  While  this  creates  no  conflicts,  it  does  give  rise  to 
some  complexities.  The  doctrine  of  riparian  rights  seems  to  prevail 
in  the  eastern  two-thirds  of  the  State,  while  the  right  to  appropriate 
streams  west  of  the  ninety-ninth  meridian  is  s|>ecifically  conferred  by 
the  act  of  1897.  As  all  of  the  important  streams  of  the  State  flow 
from  west  to  east,  one  doctrine  prevails  at  their  sources  and  an  antag- 
onistic one  at  their  outlets. 

The  laws  of  Kansas  resemble  those  of  North  Dakota  in  the  promi- 
nence given  to  underground  waters.  In  Dakota  this  comes  from  the 
unusual  importance  of  this  supply;  in  Kansas,  from  the  unusual  need 
of  it.  When  western  Kansas  was  settled,  no  particular  attention  was 
given  to  securing  locations  which  could  be  irrigated.  Tlie  uplands 
were  settled  as  rapidly  as  the  valleys.  The  number  of  homesteaders 
remote  from  streams  is  far  greater  than  the  number  which  can  be  sup- 
plied therefrom.  It  is  only  by  the  utilization  of  underground  or  stored 
water  that  many  of  the  upland  farms  can  be  watered.  Hence,  legisla- 
tion has  been  directed  toward  the  determination  of  its  volume  and  the 
enactment  of  laws  to  promote  its  use. 

So  far  as  the  declaratory  provisions  of  the  Kansas  water  laws  are 
concerned,  there  is  little  to  criticise.    They  are  generally  in  accord  with 
the  best  thought  and  experience  of  the  West,  but  when  we  come  to 
consider  tlie  means  provided  for  their  administration  the  result  is  not 
so  satisfactory.    The  principles  laid  down  in  chapter  79  of  the  compiled 
laws  of  1897,  relative  to  the  appropriation  of  water,  are  conservative 
and  just.    The  right  to  appropriate  both  surface  and  underground 
waters  is  recognized,  but  such  right  is  restricted  to  the  beneficial  use  of 
the  volume  appropriated,  and  a  failure  to  continue  such  beneficial  use 
forfeits  the  right.    No  appropriation  is  complete  until  the  water  has  been 
used,  and  the  amount  of  the  appropriation  is  limited  to  the  require- 
ments of  that  use.    Any  person  attempting  to  sell,  lease,  or  assign  a 
right  of  this  kind  is  held  to  have  abandoned  it,  and  there  is  a  stringent 
penalty  against  the  collection  of  royalties  for  the  right  to  use  water. 
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IJDder  these  laws  the  irrigators  of  Kansas  are  freed  from  many  of  the 
dangers  of  speculative  ownership  which  threaten  some  of  the  States 
where  the  right  to  water  is  of  far  greater  moment.  In  considering  the 
merits  of  any  irrigation  code  this  fact  must,  however,  be  kept  constantly 
in  mind:  Its  effectiveness  depends  in  a  large  measure  upon  the  means 
provided  for  its  enforcement.  No  declarations  of  principles  will  operate 
a  railroad.  In  order  that  trains  may  run  on  time  and  passengers  be 
transported  in  safety  there  must  be  superintendents  and  engineers 
and  train  dispatchers  to  direct  the  work.  There  is  an  equal  necessity 
for  some  sort  of  administrative  machinery  to  protect  rights  in  the  divi- 
sion of  a  running  stream.  It  is  here  that  the  law  of  Kansas  is  defective. 
Authority  is  too  widely  distributed  and  no  one  has  sufficient  control  to 
make  it  of  much  service.  "  Too  many  cooks  spoil  the  broth,^  and  too 
many  branches  of  the  State  and  county  governments  have  a  share  in 
stream  control  to  permit  of  satisfactory  results.  The  county  clerk  posts 
notices  of  appropriation ;  that  ends  his  connection  with  irrigation.  The 
register  of  deeds  records  these  notices  and  does  no  more.  The  district 
court  adjudicates  rights,  and  hears  and  determines  petitions  for  the 
annulment  of  agreements  to  rotate  water.  The  county  records  are  of 
little  value  before  it  acts,  while  after  such  action  they  are  of  no  conse- 
quence because  the  court  decree  displaces  them  as  an  evidence  of  title. 
Even  this  decree  does  no  good  without  some  way  to  enforce  it.  There 
appeiirs  to  be  none  except  to  enjoin  those  who  disregard  its  terms. 
Such  a  remedy  is  altogether  too  slow,  expensive,  and  imperfect  to  be 
applied. 

The  rates  for  the  carriage  of  water  are  fixed  by  the  county  commis- 
sioners, and  this  ends  their  connection  with  irrigation. 

There  are  other  controversies  that  have  to  be  decided  by  the  railroad 
commissioners.  It  would  be  a  very  unusual  coincidence  if  men  could 
be  found  fitted  by  experience  to  act  as  railroad  commissioners  who  have 
the  necessary  experience  to  qualify  them  to  act  as  irrigation  experts. 
The  only  State  official  who  is  supposed  to  be  specially  fitted  to  deal 
with  irrigation  matters  is  ignored.  There  is  a  commissioner  of  irriga- 
tion and  forestry,  but  his  duties  in  supervising  the  acquirement  of 
rights  to  water  or  the  protection  of  those  rights  are  not  obvious  from  a 
study  of  the  statutes.  It  is  believed  that  this  system  is  capable  of 
betterment,  and  in  support  of  this  belief  the  following  suggestions  are 
offered : 

Section  2  of  chapter  79  says  that  the  right  to  have  an  appropriation 
date  from  the  filing  of  a  notice  depends  upon  the  completion  of  the 
ditch  within  a  reasonable  time.  What  is  a  reasonable  timef  This  has 
to  be  determined  at  some  stage  in  the  acquirement  of  the  right.  It 
ought  to  be  fixed  before  construction  begins.  In  that  way  injustice 
both  to  the  parties  building  ditches  or  other  parties  whose  rights  are 
affected  by  such  ditches  can  be  most  surely  averted.  By  fixing  the 
time  allowed  for  completion  before  work  begins,  one  of  the  prolific 
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sources  of  litigation  is  entirely  removed.  This  has  to  vary  with  each 
ditch,  and  can  not  be  attended  to  without  some  administrative  head  to 
the  irrigation  system  of  the  State. 

Section  4  of  chapter  78  states  that  work  must  be  begun  within  sixty 
days  after  posting  the  notice.  How  is  compliance  with  this  provision 
to  be  established  ?  Ditches  are  often  built  in  remote  localities.  There 
is  nothing  in  the  law  which  requires  a  report  either  of  the  beginning 
of  construction  or  of  the  progress  made,  and  there  is  no  officer  whose  ' 
duty  it  is  to  look  after  these  things  to  see  that  the  law  is  complied 
with. 

What  has  been  said  elsewhere  regarding  the  necessity  of  some  cen- 
tral office  for  all  claims  to  water  applies  with  peculiar  force  to  Eansati. 
County  boundaries  have  no  relation  to  the  drainage  areas  of  streams 
or  of  the  basins  of  the  artesian-well  supply.  Where  a  river  crosses 
many  counties  a  notice  filed  in  one  county  is  not  a  sufficient  notice  to 
water  users  in  other  counties  above  or  below.  This  has  been  recog- 
nized in  the  act  which  requires  those  who  wish  to  establish  a  priority 
of  right  for  an  artesian  well  to  tile  not  only  in  the  county  where  the  . 
well  is  situated,  but  in  the  adjoining  counties  also.  If  this  is  regarded 
as  necessary  to  protect  a  priority /or  an  artesian  well,  why  should  not 
a  similar  notice  be  filed  in  the  other  counties  through  which  a  stream 
flows?  There  the  interference  with  rights  is  obvious;  in  the  case  of 
the  artesian  well  it  is  largely  a  matter  of  conjecture.  A  central  office 
of  record  would,  however,  be  far  superior  to  requiring  separate  notices 
in  each  county,  and  in  the  case  of  artesian-well  filings  would  be 
immeasurably  superior  to  the  separate  records  of  these  notices  in  a  few 
counties. 

The  establishment  of  any  right  on  a  stream  infiuences  the  value  of 
every  other  right.  This  is  so  obvious  as  not  to  need  discussion,  and  oi 
so  much  importance  that  it  should  be  recognized.  Apparently  it  has 
not  been  in  the  law  governing  adjudications.  Priorities  on  a  river 
ought  to  be  established  for  the  whole  stream.  Instead,  they  are  in  sec* 
tions.  The  judge  of  one  district  fixes  the  priorities  for  his  district;  the 
judge  of  the  district  above  or  below  establishes  the  rights  in  his,  and 
the  two  have  no  relation  to  each  other  and  aftbrd  no  basis  for  a  pro- 
tection of  all  rights. 

The  law  which  requires  reports  from  those  sinking  or  boring  artesian 
wells  is  excellent,  and  these  statistics  are  destined  to  be  of  great  service 
in  the  future.  Their  value  is  largely  lost  at  present  by  their  separation  * 
in  the  different  county  records  and  by  the  fact  that  they  go  to  someone 
who  is  making  no  special  study  of  these  questions.  It  is  believed  that 
the  benefits  to  the  State  would  be  much  greater  if  those  reports,  instead 
of  being  pigeonholed  in  a  county  office,  were  sent  to  some  experienced 
officer  at  the  State  capital.  In  that  way  the  whole  8tate  could  come 
under  review  and  water  users  be  promi)tly  informed  of  any  new  dis- 
coveries of  importance. 
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WATEE  LAWS  OF  MONTAKA. 

Measared  by  its  agricnitural  possibilities,  MoDtana  is  one  of  tbe  fore- 
most States  of  the  arid  region.  Every  important  tributary  of  the  Mis- 
souri used  in  irrigation,  except  the  Platte,  rises  in  or  crosses  this  State. 
The  volume  of  the  available  water  supply  and  the  area  of  land  which 
can  be  reclaimed  makes  it  certain  that  in  time  the  irrigated  farms 
will  alone  support  more  people  and  produce  more  wealth  than  all  the 
industries  of  the  State  now  do. 

As  yet  this  greatness  is  largely  prospective.  More  water  runs  to 
waste  in  this  State  than  is  used  in  irrigation  in  all  the  States  embraced 
in  this  discussion.  Stock  raising  and  mining  are  the  two  industries 
which  absorb  investments  of  capital  and  lead  in  public  thought. 
Water-right  questions  have  received  comparatively  little  attention. 
It  is  the  extent  of  the  State's  resources  which  has  caused  this  neglect 
of  legislation.  So  long  as  streams  have  a  surplus  and  every  user  is 
supplied  there  is  no  need  of  laws.  This  has  been  the  situation  in  Mon- 
tana, and  the  need  of  framing  a  code  to  meet  future  requirements  has 
not  been  recognized. 

The  water-right  laws  of  this  State  are  the  outgrowth  of  the  customs 
of  the  placer  miner.  Eivers  were  turned  on  gravel  beds  before  they 
were  on  hay  meadows,  and  the  laws  are  largely  copied  from  those  of 
California,  where  the  miner  preceded  the  irrigator  and  where  irriga- 
tion is  not  a  general  necessity.  While  the  use  of  water  in  mining  has 
not  kept  pace  with  the  extension  of  irrigation,  the  influence  of  early 
customs  still  remains  paramount. 

In  framing  water  laws  there  is  especial  need  of  a  clear  understand- 
ing of  what  is  to  be  accomplished,  and  in  providing  for  the  use  of  water 
for  mills,  mines,  or  farms,  the  dififerences  in  these  pursuits  should  be 
kept  in  mind.  It  has  apparently  been  assumed  that  one  water  law 
would  serve  every  purpose  equally  well.  That  mistake  is  not  made  in 
disposing  of  public  land.  We  have  one  law  for  placers,  another  for 
homesteads.  Titles  to  mineral  veins  are  not  secured  through  desert 
filings.  These  dififerent  laws  are  framed  to  conform  to  different  con- 
ditions. There  is  an  equal  difference  between  the  conditions  which 
should  govern  rights  to  streams.  In  mining,  the  use  is  regular  and 
continuous;  in  irrigation,  it  is  intermittent  and  varies  from  month  to 
month.  In  mining,  the  washing  down  of  a  placer  bed  ends  the  use  of 
water  at  that  place;  in  irrigation,  the  farm  will  be  watered  as  long  as 
the  river  runs.  One  is  transient ;  the  other  permanent.  In  mining,  but 
little  of  the  volume  diverted  is  absorbed  or  destroyed ;  the  same  supply 
can  be  appropriated  and  used  over  and  over  again.  In  irrigation,  the 
greater  part  of  the  volume  diverted  is  absorbed  and  lost. 

Sales  of  water  in  mining  are  in  reality  simply  charges  for  transporta- 
tion and  delivery,  because  the  water  returns  to  other  users.  A  law 
making  mining  rights  in  streams  personal  property,  while  not  regarded 
as  necessary,  does  not  inevitably  lead  to  abuses,  because  the  end  of  the 


■■  \ 


64 

use  is  only  a  matter  of  time,  and  the  retarn  of  the  water  to  the  slream 
gives  a  practically  unrestricted  field  for  others  to  acquire  the  same 
kind  of  right. 

In  irrigation  making  such  rights  personal  property  places  users  at 
the  mercy  of  their  holders,  because  it  enables  them  to  say  who  shall  or 
shall  not  absorb  the  supply. 

The  changes  made  in  the  laws  for  acquiring  water  rights  have  been 
unimportant.  The  methods  of  filing  claims,  of  measuring  water,  and 
of  determining  rights  in  the  courts  have  been  made  more  definite,  bnt 
neither  the  nature  of  the  rights  acquired  nor  the  methods  of  appro- 
priation have  been  materially  modified. 

The  first  Territorial  water  laws  recognized  the  right  of  appropriation 
and  set  aside,  by  implication  at  least,  the  doctrine  of  riparian  rights. 
The  right  to  appropriate  water  for  the  purpose  of  lease  and  sale  is 
recognized,  and  the  court  decisions  interpreting  this  statute  seem  to 
make  water  a  form  of  personal  property. 

The  only  water  right  provision  in  the  constitution  is  a  part  of  para- 
graph 15,  article  3,  of  the  Codes  and  Statutes  of  Montana  for  1895.  It 
reads  as  follows : 

The  use  of  all  water  now  appropriated,  or  that  may  hereafter  be  appropriated,  fivr 
sale,  rental,  diatribution,  or  other  beneficial  use,  and  the  right  of  way  ov^er  the  lands 
of  others  for  all  ditches,  dams,  Humes,  canals,  and  aqueducts  necessarily  need  in 
connection  therewith,  shall  be  held  to  be  a  public  use. 

The  right  to  appropriate  water  for  the  purpose  of  sale  and  rental  is 
not  conferred  by  the  laws  of  the  distinctly  agricultural  States  embraced 
in  this  discussion,  as  will  be  seen  by  referring  to  the  statutes  of  Kan«< 
sas,  Nebraska,  and  Wyoming.  There  is  considerable  uncertainty  as 
to  just  what  this  involves.  Many  holders  of  api>ropriations  believe  it 
is  an  ownership  in  the  river  itself  which  authorizes  an  appropriator  ta 
sell  or  lease  its  waters  to  users  regardless  of  any  ditch  or  place  of  nsSy 
and  parties  claiming  such  rights  have  given  warranty  deeds  to  a  definite 
volume  of  water  from  a  river,  to  be^diverted  in  ditches  yet  to  be  built. 
If  this  conception  is  correct,  then  the  filing  and  establishment  of  titles 
in  this  State  are  of  unusual  importance  to  its  future  development. 

Where  the  only  right  which  can  be  acquired  is  that  of  use,  and  is  to  be 
measured  in  the  futiire  by  that  use,  there  is  little  danger  to  be  feared 
from  extravagant  or  speculative  rights,  because  the  holder  can  derive 
no  benefit  therefrom ;  but  where  parties  acquire  a  right  to  a  part  or  all 
of  a  stream,  not  for  the  purpose  of  nijiking  a  beneficial  use  thereof,  but 
for  the  purpose  of  selling  it  to  those  who  in  time  must  have  it,  the 
temptation  to  acquire  as  large  an  interest  as  possible  and  the  diflHcul- 
ties  in  the  way  of  preventing  unreasonable  appropriations  are  enor- 
mously increased. 

Where  rights  to  water  are  restricted  to  the  land  on  which  acquired 
the  land  is  always  a  measure  of  the  extent  of  the  right,  but  where  the 
location  of  use  is  not  fixed  and  where  the  appropriation  is  to  secure 
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water  to  sell,  its  limitation  is  fixed  only  by  whatever  the  court  may 
decree  or  by  the  size  of  the  stream.  It  is  not  certain  that  the  Montana 
law  permits  the  acquirement  of  such  rights,  but  it  is  true  that  many 
appropriators  believe  it  does,  and  both  the  law  and  the  declaration 
made  encourage  such  belief.  The  notice  of  water  right,  in  general  use, 
is  posted  before  the  ditch  is  built,  yet  it  states  that  the  party  doing  this 
^^has  a  legal  right  to  the  use,  possession,  and  control"  of  the  inches 
specified.  It  does  not  say  he  will  have,  or  that  he  desires  to  have,  but 
that  he  already  has  such  possession. 

Many  Montana  rivers  are  long.  They  wind  thisir  lonesome  courses 
across  the  arid  plain  for  hundreds  of  miles.  The  claims  for  ditches 
already  built,  and  those  to  be  built,  are  not  being  recorded  for  districts 
based  on  drainage  lines,  but  by  county  boundaries  which  have  no  rela- 
tion to  such  drainage.  Sometimes  these  rivers  form  parts  of  county 
bouudaries.  Where  this  happens,  the  scattering  of  irrigation  records 
is  still  more  pronounced.  Take  the  Musselshell  Eiver,  for  example. 
It  forms  a  part  of  the  boundary  between  Fergus  and  Meagher,  Yellow- 
stone, Dawson,  and  Custer  counties.  Ditches  on  one  side  of  the  stream 
are  recorded  in  one  county;  ditches  on  the  other  side  in  another  county. 
It  would  require  a  journey  of  hundreds  of  miles  and  the  examination 
of  five  sets  of  records  to  learn  of  the  claims  to  its  waters,  so  that  the 
obstacles  to  irrigators  informing  themselves  are  so  great  that  the 
records  are  of  little  practical  utility.  Very  few  appropriators  know 
anything  of  the  claims  of  others  or  have  any  idea  of  their  extent. 

Furthermore,  the  connection  of  the  county  clerk  with  irrigation  ends 
with  his  recording  these  statements.  He  has  no  further  supervision. 
The  law  says  that  work  on  the  ditch  must  begin  within  forty  days,  but 
it  is. made  no  one's  duty  to  see  that  it  does  begin  or  to  make  a  record  of 
failure  to  begin.  Kor  is  there  any  official  measurement  of  these  ditches, 
after  they  are  constructed,  to  determine  their  capacity,  nor  any  survey 
of  their  location  to  definitely  fix  the  extent  of  the  beneficial  use  of 
water,  which  their  construction  makes  possible. 

In  investigating  the  accuracy  of  the  water-right  records  of  this  State 
an  examination  was  made  of  all  the  claims  to  a  small  stream  lying 
wholly  within  one  county.  It  showed  that  it  was  almost  as  easy  to 
build  a  ditch  as  it  was  to  ascertain  its  right  to  water.  In  this  instance 
there  were  nine  books  containing  records  of  claims.  Many  of  these 
claims  reached  back  to  the  early  Territorial  period,  yet  nothing  had 
ever  been  done  except  to  record  them.  As  there  is  no  provision  in  the 
law  for  <*  proving  up,"  there  was  nothing  to  show  whether  the  ditches 
had  or  had  not  been  built,  or  the  extent  to  which  water  had  been  used. 
In  the  earlier  records  they  were  scattered  among  land  locations  and 
mining  locations.  Sometimes  a  farm,  a  mine,  and  a  river,  would  all  be 
located  and  claimed  in  one  document.  Some  of  these  claims  were 
30  years  old,  yet  there  never  had  been  a  survey  or  an  adjudication  to 
determine  what  the  just  rights  of  any  of  the  claimants  were. 
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It  needs  no  argament  to  show  that  a  record  of  this  kind  is  of  litUe 
value;  that  it  not  only  does  not  protect  the  rights  of  those  who  actually 
baild  ditches,  bat,  on  the  contrary,  threatens  to  become  a  source  of 
annoyance  and  exx)ense  to  users  in  protecting  those  rights.  To  show 
why  this  is  so,  the  claims  to  the  water  of  Trout  Greek,  a  small  stream  of 
Lewis  and  Clarke  County,  which  has  a  mean  discharge  in  the  irrigatioii 
season  of  about  500  acre-inches,  have  been  copied  and  are  given  below: 

Eights  to  water  from  Trout  Creek, 
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2,000  inches. 

400  inches. 

1,000  iiicbee. 

3,000  inchee. 

2,000  inches. 

1,000  inches. 

All  the  water  from  a  spring  that  empties  iiitii  Trout  Creek. 

All  the  surplus  water  of  'iTout  Creek. 

Exclusive  right  to  all  the  water  in  Trout  Cnnsk. 

Claim  all  the  water  of  the  upper  part  of  Trout  Creek. 

2,000  inches. 

All  the  water  in  creek  below  ditch  taking  wat4>r  to  St.  Louis  bar. 

500  inches. 

All  the  water  that  can  be  "flown"  in  a  ditch  at  any  season  of  the  year. 

1,000  inches  and  all  surplus  water. 

All  the  surplus  water  of  Trout  Creek. 

All  the  water  not  then  in  use. 

600  inches. 

2,000  inches. 

1,500  inches. 

1,000  inches. 

500  inches. 

Do. 

Do. 

Do. 

Do. 
800  inches. 
400  inches. 
600  inches. 
800  inches. 
750  inches. 


Many  of  these  claims  were  recorded  by  homesteaders  who  had  iBled 
on  IGO  acres  of  land.  It  requires  about  100  inches  to  irrigate  that  areai 
and  anything  above  that  would,  so  fur  as  the  homesteader  was  con- 
cerned, be  a  surplus.  Furthermore,  any  claims  to  an  excess  of  500 
inches,  the  mean  discharge  of  the  stream,  would  be  of  little  value  in 
themselves  if  the  claims  to  that  amount  were  actually  used.  Ix)oking 
at  the  actual  situation,  therefore,  if  the  first  claim  was  a  legitimate  one 
it  absorbed  the  stream  four  times  over,  and  all  the  others  are  simply 
paper  titles,  injuring  the  first  but  having  no  value  in  tluMiiselves.  Such 
is  not  the  actual  situation.  Claimants  have  used  what  they  actually 
needed  without  any  regard  to  the  recorded  statements. 

The  record  given  above  does  not  include  all  of  the  claims  to  the 
stream,  but  as  it  did  include  thirty  or  forty  times  the  entire  supply, 
it  did  not  seem  necessary  to  pursue  the  inquiry  any  further. 

The  records  of  claims  on  scores  of  other  streams  were  looked  over 
with  similar  results.  They  lead  to  one  of  two  conclusions:  To  recog- 
nize as  vested  a  right  to  all  that  is  claimed  will  establish  appropriations 
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for  much  more  water  than  has  been  ased,  and  will  sooner  or  later  com- 
pel all  sabseqaent  users  to  bay  their  supply  from  those  whose  rights 
have  DO  better  foundation  than  the  ignorance  or  greed  with  which  they 
filled  out  their  notice  of  claim. 

There  is  another  clause  in  the  Montana  law  which  makes  the  situa- 
tion more  uncertain  and  the  danger  from  these  speculative  filings  more 
serious.    Section  1897  contains  the  following: 

£yery  person  having  the  right  to  use,  sell,  or  dispose  of  water  and  to  engage  in 
nsing,  selling,  or  disposing  of  the  same,  who  has  a  surplus  not  used  or  sold,  or  any  per- 
son having  a  surplus  of  water  and  a  right  to  sell  and  dispose  of  the  samSj  is  required, 
upon  the  payment  or  tender  to  the  person  entitled  thereto  an  amount  equal  to  the 
usual  and  customary  rates  per  inch,  to  convey  and  deliver  to  the  person  such  surplus 
of  unsold  water. 

This  seems  to  indicate  that  a  person  can  acquire  an  ownership  in  a 
stream  of  a  surplus  simply  for  the  purpose  of  selling  it.  It  is  sub- 
mitted to  the  actual  users  of  water  that  it  is  a  matter  for  grave  consid- 
eration whether  such  rights  are  equitable  or  necessary,  and  whether 
there  is  any  reason  which  will  justify  their  establishment.  The  irri- 
gated regions  of  the  Old  World  have  been  prosperous  just  in  propor- 
tion as  they  have  restricted  rights  in  rivers  to  that  of  use,  while  in 
those  countries  where  water  has  been  made  personal  property,  and  the 
man  who  owns  the  stream  can  levy  toll  on  the  man  who  tills  the  soil, 
there  have  been  exactions  without  end  and  poverty  and  oppression  for 
the  irrigator. 

Another  obstacle  to  a  definite  understanding  of  the  rights  to  Mon- 
tana streams  is  the  absence  of  any  law  providing  for  either  their  prompt 
or  comprehensive  determination.  While  the  district  court  has  author- 
ity to  adjudicate  these  rights,  when  controversies  arise  between  irri- 
gators, and  numerous  adjudications  have  been  had,  there  is  great 
uncertainty  as  to  whether  all  rights  have  been  included,  and  much  diffi- 
culty in  finding  the  cases  in  which  these  rights  have  been  an  issue. 
There  is  no  stream  record  oi^  water-right  cases,  and  as  these  decrees 
are  rendered  in  private  suits,  which  are  only  indexed  in  the  names  of 
the  litigants,  it  is  sometimes  necessary  to  examine  the  entire  trial 
record  of  the  district  court  to  learn  what  has  been  settled  by  judicial 
determination.  An  effort  to  trace  down  the  water-right  litigation  on  a 
few  streams  showed  that  court  clerks,  attorneys,  and  irrigators  are 
often  as  much  iu  the  dark  regarding  the  actual  situation  as  an  out- 
sider, and  the  conclusion  is  unavoidable  that  a  perpetuation  of  this 
system,  or  lack  of  it,  for  another  quarter  of  a  century  would  result  in  a 
chaos  which  would  be  almost  beyond  the  ingenuity  of  man  to  unravel. 

Another  x>ossible  complication  is  the  establishment  of  two  or  more 
sets  of  appropriations  for  the  same  stream.  This  is  due  to  the  fact 
that  the  boundaries  of  judicial  districts  are  not  based  on  drainage 
lines.  One  section  of  a  stream  may  be  in  one  district,  another  section 
in  another.    Litigation  in  one  court  will  establish  one  set  of  priorities; 
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similar  litigation  in  the  other  court  will  establish  another;  yet  both  are 
based  on  the  same  water  supply,  and  no  systematic  administration  is 
possible  until  both  are  brought  into  harmony. 

The  unit  of  measurement  in  Montana  is  the  *^  inch  "  (sec.  1893),  and 
the  form  of  device  to  be  employed  in  its  measurement  is  fully  set  out 
in  the  statute.  This  again  shows  the  influence  of  mining  customs,  as 
the  States  in  which  irrigation  preceded  mining  have  adopted  the  cubio 
foot  per  second  as  the  slandard  of  measarement.  The  latter  is  a  defi- 
nite unit,  but  the  value  of  the  inch  depends  entirely  upon  securing 
uniform  conditions.  This  may  be  ]>ossible  in  distributing  water  from 
ditches,  but  it  can  not  be  employed  in  measuring  a  river  or  in  dividing 
its  flow  among  canals.  To  use  the  device  described  in  the  Montana 
statute  to  measure  the  volume  turned  into  some  canals  would  require 
a  box  a  thousand  feet  long  and  a  locomotive  to  pull  the  slide.  In  a 
few  States  both  methods  of  measurement  are  recognized  by  law,  and 
there  seems  no  reason  why  such  would  not  be  an  excellent  arrange- 
ment in  Montana.  This  would  en<able  those  who  are  accustomed  to  the 
"inch,"  or  where  contracts  have  been  based  thereon,  to  continue  its 
use,  and  would  legalize  the  employment  of  the  cubic  foot  per  second  in 
the  gauging  of  rivers  and  canals. 

The  great  rivers  and  fertile  plains  of  this  State  are  resources  of  such 
importance  as  to  warrant  the  framing  of  an  efticient  code  of  laws  for 
their  utilization.  It  is  believed  that  the  experience  of  the  Common- 
wealths on  both  the  north  and  south  are  worthy  of  study,  and  that  the 
following  changes  in  the  present  code  would  promote  development  and 
add  to  the  value  of  irrigated  land: 

All  records  of  claims  or  titles  to  water  from  a  stream  should  be 
recorded  in  one  ottice. 

There  should  be  some  authority  to  supervise  the  tiling  of  claims  and 
to  prevent  the  overappropriation  of  streams. 

Completed  ditches  should  be  measured  by  the  State  and  rights  estab- 
lished by  some  less  costly  method  than  litigation. 

The  State  should  be  divided  into  districts  and  oflicers  appointed  to 
protect  prior  rights  in  times  of  scarcity. 

WATER  LAWS  OF  NEBRASKA. 

By  Hon.  J.  M.  Wilson,  Slate  Engineer. 

Water  rights  in  Nebraska  may  be  briefly  divided  into  the  following 
general  classes : 

(1)  Eights  acquired  by  actual  use  prior  to  the  passage  of  the  first 
general  irrigation  law,  March  4, 1889. 

(2)  Rights  acquired  by  compliance  with  the  law  in  force  from  March 
4, 1889,  to  April  4,  1895. 

(3)  Eights  acquired  under  the  law  in  force  from  April  4,  1895,  up  to 
the  present  time. 
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(4)  Rights  acquired  since  the  enactment  of  the  irrigation  law  in  1889 
by  those  who,  without  complying  with  all  of  the  provisions  of  the  law, 
actually  constructed  works  and  made  beneficial  use  of  the  water. 

To  the  first  class  belong  many  valuable  mill  claims  and  several  of  the 
earlier  irrigation  rights.  Of  many  of  these  claims  there  was  up  to 
1889  no  public  recognition.  Only  those  who  had  been  so  unfortunate 
as  to  get  into  court  could  boast  of  a  record.  The  settler,  driven  by  his 
repeated  failures  in  dry  farming  to  seek  relief  in  irrigation,  had  no 
means  of  determining  what  rights  were  established  or  what  amount  of 
water  was  unappropriated.  If  a  right  was  disputed  it  could  be  main- 
tained only  by  force  or  by  a  tedious  suit  at  law.  This  unsatisfactory 
state  of  affairs  continued  until  1889,  when  the  first  irrigation  law  was 
enacted.  The  method  of  establishing  a  claim  for  water  under  this  law 
was  as  follows : 

(1)  A  notice,  stating  the  amount  appropriated  and  the  purpose  of  the 
appropriation,  was  posted  by  the  claimant  at  the  point  of  diversion. 

(2)  A  copy  of  the  notice  was  filed  with  the  county  clerk  in  the  county 
in  which  the  appropriation  was  made  within  ten  days  after  posting. 

(3)  The  work  of  construction  was  to  be  begun  within  sixty  days  after 
posting  and  prosecuted  with  diligence  to  completion.  By  compliance 
with  these  rules  the  right  dated  back  to  the  time  of  posting  notice. 
To  prevent  speculative  filings,  the  law  prescribed  that  a  failure  to 
observe  these  rules  forfeited  all  rights  as  against  a  subsequent  appro- 
priator  who  made  full  compliance  with  the  law ;  that  is,  the  right  of 
the  claimant  who  failed  to  take  the  steps  required  by  the  law  did  not 
relate  back  to  the  date  of  posting,  but  was  determined  by  the  date 
when  water  was  first  applied  to  a  beneficial  use. 

No  provision  was  made  limiting  the  amount  appropriated  by  the 
respective  claimants,  neither  was  there  any  provision  for  the  distribu- 
tion of  the  water,  nor  for  the  protection  of  the  appropriators.  Under 
this  law  the  records  of  the  county  clerks  soon  showed  the  waters  in  most 
of  the  streams  in  the  State  appropriated  many  times  over.  Many  of 
the  streams  of  the  State  cross  several  counties.  The  record  in  each 
county  showed  only  the  filings  made  in  that  county,  and  there  was  no 
means  of  determining  the  total  appropriation  from  such  a  stream  except 
by  an  investigation  of  the  records  of  every  county  through  which  the 
stream  flowed.  The  filings  in  a  single  county  would  often  show  more 
water  appropriated  than  could  be  found  in  the  stream,  even  in  time  of 
flood.  The  would-be  appropriator  could  disprove  this  record  only  by  a 
careful  examination  of  all  the  territory  susceptible  of  irrigation  from 
the  stream.  This  was  a  tedious,  expensive  process,  impracticable  for 
the  small  appropriator.  The  result  was  a  condition  of  hopeless  con- 
fusion and  discouragement  for  the  real  appropriator.  With  slight 
modifications  in  1891  this  law  remained  in  force  until  1895,  when  the 
present  law  was  enacted. 

The  statute  of  1895  reaffirmed  the  validity  of  prior  rights  through 
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nse  and  made  a  formal  statement  of  the  doctrine  of  State  ownership  of 
water. 

WaUr  (HviMioiiM. — The  Stiite  was  divided  into  two  water  divisionB. 
Water  division  No.  1  includes  the  basin  of  the  Phitte  and  its  tribu- 
taries west  of  the  month  of  the  Loup  Uiver,  and  all  hinds  sonth  of  the 
Platte  drained  by  streams  not  tributaries  of  the  Platte. 

Water  division  No.  2  includes  the  basins  of  the  I^mp,  White,  Nio- 
brara, and  Elkhorn  rivers  and  their  tributaries,  and  all  other  lands  not 
included  in  Division  1. 

SUtte  hoard  of  irriffntion. — Hy  this  law  a  board  of  irrigation,  consist- 
ing of  the  governor,  attorney-general,  and  (tonunisKioner  of  public 
lands  and  buildings  was  created.  The  governor  is  exof!i(;io  presideut 
of  the  board.  The  hiw  provides  for  a  secretary  and  an  assistant  sec- 
retary of  the  board,  an  undersecretary  for  each  of  the  two  divisions, 
and  such  underassistants  as  shall  be  found  necessary  for  the  pro]>er 
distribution  of  the  water.  The  termof  ofllce  in  each  case  is  two  years. 
The  secretary  or  Stat<5  engineer  is  the  executive  ollicer,  his  acts  being 
subject  to  review  by  the  board.  It  is  made  the  duty  of  the  board  thnmgh 
its  secretary :  First,  to  pass  upon  and  i\x  tiie  priority  and  amount  of 
all  claims  which  had  been  initiated  prior  to  April  4,  189r>;  second,  to 
pass  uiN)D  all  applications  for  permits  to  make  appropriations  of  water 
under  the  existing  laws;  and  third,  through  the  undersecretary  and  his 
assistants  to  distribute  the  waters  in  accordanc<'  with  the  priorities 
and  amtmnts  determined  by  the  sec^retary  and  approved  by  the  board. 

The  law  made  it  the  duty  of  the  (umnty  clerks  to  forward  copies  of 
all  tilings  made  for  water  prior  to  April  1,  1S05,  on  record  in  their 
respective  ortices.  These,  with  the  claims  filed  with  tiie  l)oard  of  irri- 
gation by  ])arties  who  had  neglected  to  post  notices  and  tile  with  the 
county  clerks,  but  who  had  appropriated  and  used  the  water,  made  up 
the  claims  to  be  adjudicated  before  there  could  be  any  intelligent  dis- 
position of  thenewapproi>riations,  or  any  e(|uital)le  distribution  of  the 
water  could  be  nuide. 

Since  the  organization  in  A]»ril,  ISO.^I,  om  claims  and  contests  under 
the  old  law  have  been  placed  on  record  with  the  board.  The  strips  in 
the  process  of  an  adjudication  are: 

(1)  Copies  of  the  county  records  of  claims  are  obtained  from  the 
county  clerks. 

(2)  Each  clainnmt  is  re(|uired  to  file  a  <'laim  aflidavit  setting  forth 
all  important  f(U',ts,  with  the  hist^iry  of  the  appropriation,  and  a  plat 
showing  the  location  of  the  stream  and  ditch  and  the  territ^try  irrigated. 
To  secure  unifoiniity  and  <lefiniteness,  blanks  are  furnished  by  the 
board. 

(3)  Hearings  $ire  appointed  at  iK>ints  convenient  to  the  claimants 
for  the  taking  of  oral  testimony  in  siipiKirt  of  this  claim.  This  oral 
testimony  is  tranmTibed  and  made  part  of  the  n»cord.  A  copy  of 
the  original  tiling  Mf  there  is  one;,  the  rhiim  afVulavit,  and  the  tran- 
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script  of  the  oral  testimony,  with  other  affidavits  and  documents  fur- 
nished by  the  claimant,  with  the  report  of  a  responsible  engineering 
assistant  after  a  personal  inspection  of  the  works,  constitute  the  record 
in  each  case,  and  on  this  the  decisions  of  the  secretary  are  based.  In 
determining  the  rights  of  these  claimants  the  board  is  guided  by  the 
following  principles:  Where  a  notice  has  been  posted  at  the  point  of 
diversion,  a  copy  filed  with  the  county  clerk,  and  the  law  complied  with 
as  to  diligence  in  construction,  the  priority  is  fixed  by  the  date  of  post- 
ing notice  at  the  point  of  diversion.  When  there  is  an  evident  lack  of 
diligence  the  priority  dates  from  the  time  when  beneficial  use  began. 
When  there  is  no  filing  the  priority  likewise  dates  from  the  time  when 
use  began.  The  maximum  allowance  is  1  cubic  foot  per  second  for  each 
70  acres  of  land  brought  under  irrigation.  The  amount  is  limited  by 
the  capacity  of  the  ditch.  When  the  capacity  of  the  canal  is  in  excess 
of  the  acreage  covered  the  area  determines  the  allowance.  At  the 
time  of  the  passage  of  this  law  many  of  the  younger  claims  begun 
under  the  old  law  were  in  an  unfinished  condition,  and  in  i)assing  u|K)n 
these  it  has  been  necessary  to  fix  a  time  for  the  completion  of  the  appro- 
priation. The  opinion  issued  in  such  a  case  determines  the  priority, 
but  conditions  the  amount  of  the  grant  on  the  capacity  of  the  ditch  and 
the  area  actually  irrigated  at  the  expiration  of  the  time  fixed  by  the 
secretary.  The  time  allowed  for  completion  varies  with  the  character 
and  extent  of  the  work.  The  determining  of  the  rights  under  these 
claims  has  presented  many  perplexing  problems  and  has  claimed  much 
of  the  time  and  <ittention  of  the  secretary  and  his  assistants;  but  this 
part  of  the  work  is  now  rapidly  approaching  completion,  except  in 
contested  and  belated  cases,  and  in  the  future  the  work  of  the  secretary 
and  his  assistants  can  be  given  more  largely  to  the  new  appropriations 
and  to  the  economical  and  equitable  distribution  of  the  water. 

Appeals, — Claimants  dissatisfied  with  the  decision  of  the  secretary 
may  appeal  to  the  board,  and  a  further  appeal  may  be  taken  from  the 
finding  of  the  board  to  the  district  court  of  the  county  in  which  the 
point  of  diversion  is  located. 

Appropriation  under  existing  laws. — All  unappropriated  waters  of  any 
natural  stream  in  the  State  are  subject  to  appropriation.  Priority  in 
appropriation  gives  the  better  right  as  between  those  using  water  for 
the  same  purpose,  but  appropriations  for  domestic  use  take  precedence 
over  appropriations  for  power  purposes. 

Hotv  appropriations  are  secured. — The  steps  in  the  process  of  securing 
a  right  to  use  water  are  as  follows:  The  person  desiring  to  acquire  a 
right  to  the  use  of  water  files  with  the  State  board  an  application  for 
permit  to  make  the  appropriation.  This  application  is  made  on  a  blank 
form  furnished  by  the  board,  and  sets  forth  in  the  form  of  an  affidavit 
the  important  facts  concerning  the  desired  appropriation.  If,  on  exam- 
ination, the  application  is  found  to  be  properly  prepared^  the  ^Ivw^^a. 
put  on  the  record.    If  not,  it  is  returned  tot  isotiecJtvwi^^jCL^XX^^^aj^'N^^ 
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cant  acquires  no  rif^ht  till  the  filing  in  made  in  i)roper  form.  If  there  is 
unappropriated  water  in  the  Htreani  and  the  appropriation  is  a  proper 
one,  the  board,  through  its  secretary,  approves  the  permit,  authorizing 
the  applicant  to  take  such  steps  as  may  be  necessary  to  perfect  the 
appropriation.  If  the  secretary  deems  the  amount  ai>plied  for  excess- 
ive, he  may  limit  the  appropriation  to  a  less  quantity.  If  there  is  no 
unappropriated  water  in  the  soun*es  applied  for,  or  an  appropriation 
has  been  perfected  to  water  the  same  laixl,  it  is  the  duty  of  the  secre- 
tary to  refuse  the  permit.  In  these  matters,  as  in  the  case  of  the 
claims,  the  acts  of  the  secretary  are  subject  to  the  revision  of  the  Iniard, 
and  an  appeal  may  be  taken  from  the  de<*ision  of  the  board  to  the  dis- 
trict court.  Within  six  months  after  tlie  approval  of  the  appropriation 
a  plat  must  be  lilcd  on  a  scale  <»f  not  less  than  2  in(;1ics  to  the  mile, 
showing  the  location  of  the  stream,  the  location  of  tlie  canal,  and  the 
legal  subdivisions  of  land  to  be  watered.  The  work  of  excavation  and 
construction  must  be  begun  within  six  months  after  approval  of  the 
application  and  carried  forward  diligently  to  completion.  When  the 
appropriation  has  been  perfected  in  accordance  with  the  law  a  certili- 
cate  is  issue<l,  signed  by  the  i>n»si<lent  of  tin*  board  and  the  se^Tctary, 
setting  forth  the  x)riority  and  amount  and  the  lands  for  which  the 
appropriation  is  perfected.  This  <*ertificate  is  f«»rwarded  to  the  county 
clerk  of  the  county  in  which  the  a]ipro])riation  is  made,  is  recorded  by 
liim,  and  transmitted  to  the  applicant. 

The  priority  of  the  appropriation  dates  from  the  filing  of  the  appli- 
cation with  the  State  board. 

Xature  and  limitationH  of  approjn'infions, — The  iniiMirtance  of  this 
topic  has  not  as  yet  been  fully  realizc<l,  but  it  is  one  that  is  making 
itself  felt  more  and  more  as  the  value  of  rights  to  the  use  of  water 
increases  with  the  increased  use  and  the  consequent  diminished  sup- 
ply. The  act  of  1881)  prescribed  that  all  appropriations  must  be  for 
benelicial  use,  and  that  the  i>urposes  and  places  of  use  should  be 
described  in  the  notices  posted  at  the  point  of  diversion.  The  notices 
were,  however,  in  most  cases  very  vague  and  inii)erl4M't  in  their  descrip- 
tion of  place  and  use.  The  act  further  pre^'ribed  that  when  the  use 
ceased  the  right  should  cease.  The  law  of  1895  went  still  further  and 
required  that  a  description  of  the  lainl  to  be  irrij^ated  should  be  given 
with  a  plat  showing  its  location.  The  theory  of  the  luiaid  is  that  in 
all  these  laws  the  purpose  of  the  legislature  has  l)een  to  attach  the 
right  to  the  use  of  water  to  the  land.  This  li;is  not,  howeviM-,  as  yet 
come  to  an  issue,  tlumgh  there  aie  <'ases  on  the  do*ket  now  that  are 
likely  to  raise  the  question  of  the  right  of  the  appropriator  to  transfer 
his  water  right  from  <me  pie<*e  of  lan<l  to  another.  The  law  of  1S89 
limits  the  appropriation  in  all  <ases  to  the  amotuit  required  by  good 
husbandry  for  the  cultivation  of  the  erops.  Tlu»  law  of  iSic,  makes 
the  same  limitation  and  fixes  a  maxiinuin  limit  of  I  eubic  foot  for 
each  70  acres  irrigated.    There  is  much  ditt'erence  of  oviiutew  «.ud  ^^v^^^ 
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difficulty  in  determining  the  proper  amount.  The  climatic  conditions 
vary  from  the  humid  in  the  east  to  the  arid  in  the  extreme  west,  and 
the  soil  conditions  vary  as  widely  as  the  climatic;  so  that  much  must 
be  left  to  the  judgment  of  the  person  who  distributes  the  water. 

Since  April  4, 1895,  there  have  been  filed  with  the  State  board  460 
applications  for  water,  covering  some  3,000,000  acres.  It  was  evident 
at  the  beginning  of  the  work  under  the  new  law  that  the  claims  under 
the  old  law  would  demand  the  time  of  the  board  for  some  time,  and 
that  it  would  be  impossible  to  determine  until  these  claims  were  adjudi- 
cated what  water  was  appropriated  or  what  land  was  already  covered 
by  canals  already  built  or  in  process  of  construction.  Not  desiring  to 
stand  in  the  way  of  construction  where  appropriation  could  properly 
be  made,  a  circular  letter  was  issued  by  the  board  and  mailed  to  each 
new  applicant  when  he  made  his  filing,  setting  forth  the  facts  as  to  the 
work  before  the  board  and  as  to  the  time  that  might  be  required  before 
his  application  could  be  reached.  He  was  informed  of  the  uncertainty 
as  to  there  being  water  for  his  appropriation,  and  was  notified  that  he 
would  not  be  held  responsible  for  beginning  his  work  until  after  his 
appropriation  had  been  approved,  but  he  was  further  notified  that  if 
he  felt  sure  there  was  unappropriated  water  in  the  source  of  supply  the 
board  would  not  seek  to  prevent  his  proceeding  with  the  construction, 
and  that  such  construction  should  not  in  any  way  prejudice  his  appro- 
X^riation.  In  many  cases  the  canals  have  been  built;  others  await  the 
action  of  the  board. 

As  fast  as  the  claims  under  the  old  law  can  be  gotten  out  of  the  way, 
the  applications  under  the  new  law  are  taken  up  and  passed  upon.  It 
has  been  found  necessary  in  most  cases  to  make  a  personal  inspection 
of  the  proposed  location  and  the  lands  to  be  irrigated.  When  the  sup- 
ply is  sufficient  and  the  plan  appears  reasonable  and  feasible  the  grant 
is  nuide.  If  otherwise,  the  application  is  either  rejected  or  modified  to 
fit  the  conditions. 

Water  divisions  and  water  districts. — The  two  divisions  into  which 
the  State  is  divided  by  the  law,  viz,  water  division  No.  1  and  water 
division  No.  2,  are  subdivided  as  follows: 

Division  No.  lA,  the  Platte  and  its  tributaries  west  of  the  Loup. 

Division  No.  IB,  the  Eepublican  and  its  tributaries  west  of  the  Loup; 
division  No.  IC,  the  Little  Blue  and  its  tributaries;  division  No.  ID, 
the  Big  Blue  and  its  tributaries;  division  No.  IE,  the  Lodge  Pole; 
division  No.  IF,  the  Great  and  Little  Nemeha  and  their  tributaries  and 
the  tributaries  of  the  Missouri  south  of  the  Platte. 

Division  2A,  the  Loups  and  their  tributaries;  division  No.  2B,  the 
Elkhorn  and  its  tributaries;  division  No.  20,  the  Niobrara  and  its  trib- 
utaries; division  No.  2D,  White  Eiver  and  its  tributaries;  division  No. 
2E,  llat  Creek  and  its  tributaries;  division  No.  2F,  all  tributaries  of 
the  Missouri  except  the  Niobrara  north  of  the  Platte. 

For  convenieuce  in  the  distrlbutiou  of  N?a\fet,^«b\«t  ^\eXsNRX»^  ^k:^^  ^sxfcr 
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ated.  Those  districtB,  when  the  territory  covered  is  not  too  great,  are 
made  up  of  a  single  basin  or  division.  When  a  division  covers  more 
territory  than  can  be  properly  administered  by  one  assistant,  the 
territory  is  subdivided  into  districts  of  convenient  size  for  the  diatri- 
bntion  of  water.  For  each  district  so  created  an  under  assistant  is 
appointed.  He  receives  his  appointment  from  the  board,  works  tmder 
the  direction  of  the  under  secretary  for  his  division,  and  is  paid  by  the 
cx)unty  for  which  service  is  rendered.  Five  such  districts  have  thus 
far  been  created  and  assistants  appointed.    These  districts  are: 

Water  district  No.  1,  water  division  No.  lA,  including  the  waters 
of  the  North  Platte  Kiver  and  its  tributaries  in  Keith  and  Deuel 
counties. 

Water  district  No.  2,  in  water  division  No.  1  A,  including  the  watera 
of  the  North  Platte  and  tributaries  in  Cheyenne  and  Banner  counties. 

Water  district  No.  1,  water  division  No.  IB,  including  the  waters  of 
the  Kepublican  Kiver  and  its  tributaries  in  Ked  Willow,  llitchcocki 
Hayes,  Chase,  and  Dundy  counties. 

Water  district  No.  1,  water  division  No.  IE,  including  the  waters  of 
Lodge  Pole  Creek  and  its  tributaries  in  Deuel,  Cheyenne,  and  Kimball 
counties. 

Water  district  No.  3,  water  division  No.  lA,  including  the  waters  of 
the  Platter  Kiver  and  the  North  Platte  and  South  Platte  rivers  and 
their  tributaries  in  Buffalo,  Kearney,  Phelps,  Gosper,  and  Lincoln 
counties.    (For  boundaries  and  locations  of  these  districts  see  PL  Ulf 

p.  ao.) 

Enlanjement  and  extennion  ofditchcH. — When  it  is  desired  to  enlarge 
or  extend  old  ditches  so  that  a  larger  appropriation  is  needed,  an  appli- 
cation is  require<l  as  for  a  new  appropriation.  When  changes  in  the 
location  of  headgate  become  necessary,  a  petition  is  tiled  for  iiermit 
to  make  such  change. 

Storatje  of  water. — Water  not  needed  for  ininiediate  use  for  irrigation 
or  for  domestic  use  may  be  stored  in  reservoirs.  For  this  purpose  an 
application  is  made  as  for  other  approi)riatioiis. 

Dams. — For  dams  less  than  10  feet  high,  no  si)e('ial  permit  is  re<iuired* 
For  a  dam  over  10  feet  in  height,  plans  must  be  submitted  to  the  secre- 
tary  for  examination  and  approval. 

FccH. — No  fees  are  reciuired  for  any  work  done  by  the  State  board 
except  for  a  stenographer  when  the  se<'retary  is  conducting  a  hearing 
in  the  sidjudication  of  claims.  Tlie  stenograplier's  U^o.  is  20  cents  per 
folio,  to  be  paid  by  the  party  in  whose  interest  tc^stimony  is  given. 

The  law  is  working  well.  Tlie  ccmfuslon  which  existed  when  the  law 
of  1895  came  into  force  is  rapidly  disapiiearing.  Tlie  exiuTience  of  the 
throe  years  just  past  has  revealed  the  ne^ressity  for  some  minor  changeSi 
but  on  the  whole  the  law  is  working  satisfactorily. 
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WATEB  LAWS  OF  HOBTH  DAKOTA. 

Judging  from  its  statutes,  North  Dakota  can  not  be  considered  as  an 
irrigation  State,  the  Revised  Code  of  1895  containing  only  two  para- 
graphs relating  to  this  subject.  In  this  respect  it  is  in  striking  contrast 
to  South  Dakota,  with  its  comprehensive  code  of  laws  designed  to  pro- 
mote irrigation  from  artesian  wells.  There  are  no  laws  for  the  recording 
or  establishment  of  titles  to  water  by  appropriators.  The  constitution 
makes  all  the  streams  and  natural  water  courses  public  property.^  But 
the  owner  of  the  land  is  made  the  owner  of  the  wat^r  standing  thereon 
or  flowing  over  or  under  its  surface  where  it  does  not  form  a  definite 
stream.  The  right  to  divert  and  appropriate  water  from  streams  is 
nowhere  recognized.  The  doctrine  of  riparian  rights  is  a  part  of  the 
law  of  this  State,  and  it  does  not  seem  to  have  in  any  way  been  modified.^ 

WATEB  LAWS  OF  SOUTH  DAKOTA. 

In  1881  the  Territory  of  Dakota  enacted  a  water-right  law  which 
provided  that — 

Any  persuu  or  personS;  corporation  or  company,  who  may  liavo  or  hold  a  title  or 
possessory  right  to  any  mineral  or  agricultural  land  within  the  limits  of  this  Terri- 
tory shall  be  entitled  to  the  usual  ei^oymeut  of  the  waters  in  streams  or  creeks  in 
said  Territory  for  mining,  milling,  agricultural,  or  domestic  purposes;  provided, 
that  the  right  to  such  use  shall  not  interfere  with  any  prior  right  or  claim  to  such 
waters  when  the  law  has  been  complied  with  in  doing  the  necessary  work. 

It  also  provided  that  any  person  or  company  appropriating  water 
should  construct  at  least  20  feet  of  ditch  or  flume  within  thirty  days 
of  the  first  act  of  appropriation  and  turn  the  water  therein  from  the 
channel  of  the  creek  or  stream  and  in  addition  construct  at  least  20 
rods  of  said  ditch  if  needed  and  turn  the  water  therein  within  six  months 
from  the  date  of  appropriation.  It  required  the  locator  within  twenty 
days  from  the  date  of  location  to  file  a  certificate  of  location  with  the 
registrar  of  deeds  in  the  proper  county.  A  copy  of  such  certificate  was 
also  required  to  be  posted  at  the  head  of  the  ditch. 

Failure  to  begin  work  within  sixty  days  after  location  and  to  prose- 
cute such  ditch  or  canal  or  flume  to  its  final  completion  without  unnec- 
essary delay  was  deemed  an  abandonment.  The  Dakota  Territorial 
laws  also  provided  for  the  organization  of  ditch  companies  for  the  pur- 
pose of  irrigation.    The  articles  of  incorporation  of  such  companies 


'  Sec.  210,  art.  17,  State  constitution  North  Dakota.  All  flowing  streams  and  natural 
water  courses  shall  forever  remain  the  property  of  the  State  for  mining,  irrigating, 
and  manufacturing  purposes. 

*  Sec.  3362,  chap.  27,  Civil  Code.  Land  includes  tcater. — The  owner  of  the  land  owns 
water  standing  thereon  or  flowing  over  or  under  its  surface  but  not  forming  a  defi- 
nite stream.  Water  running  in  a  definite  stream  formed  by  nature  over  or  under  the 
surface  may  be  used  by  him  as  long  as  it  remains  there;  but  he  may  not  prevent 
the  natural  flow  of  the  stream  or  of  the  natural  spring  ftoisi'^Yv.V^W  ^QXS1\^^\1^^»^^»» 
definite  course,  nor  pursue  nor  pollute  the  same. 
20477— No.  58 5 
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were  required  to  8i)ecify  the  stream  or  streams  from  wbicli  water  was 
to  be  taken,  the  point  or  place  on  the  stream  at  or  near  which  the  water 
was  to  be  taken  out,  the  line  of  the  ditch  as  near  as  might  be,  aud 
the  use  to  which  the  water  was  to  be  applied,  and  required  every  ditch 
corporation  to  furnish  water  to  the  class  of  i)ersous  using  water  in  the 
way  and  for  the  purpose  for  which  the  articles  of  incorporation  declare 
the  water  obtained  to  be  used.  Whenever  they  have  water  in  their 
ditch  unsold  they  were  requii^d  to  give  preference  to  the  use  of  water 
to  the  class  of  persons  named  in  the  articles  of  incorporation,  whether 
manufacturers,  miners,  or  farmers. 

Corporations  formed  under  this  act  were  required  to  commence  con- 
struction of  works  within  ninety  days  and  to  prosecute  the  same  with 
due  diligence  until  completed,  the  time  of  completion  not  to  extend 
beyond  a  period  of  four  years. 

Since  the  admission  of  South  Dakota  to  statehooil  there  has  been  lit- 
tle legislation  regarding  the  use  of  surface  waters.  There  are  no  con- 
stitutional provisions  relating  to  water  rights  and  no  State  laws  of  any 
importance  governing  appropriations  from  streams.  Subterranean 
waters  have  received  far  more  consideration  from  the  Staters  law  mak- 
ers than  that  found  on  the  surface.  Althcmgh  the  Missouri,  Belle 
Fourche,  and  Cheyenne  rivers  are  important  streams  and  are  exteu* 
sively  utilized  in  irrigation,  the  Static  has  made  no  provision  for  the 
legal  establishment  of  rights  to  their  waters. 

There  have  been  but  few  attempts  to  establish  or  enforce  priorities  of 
right  to  underground  waters,  but  the  exceptional  volume  of  the  sub* 
terranean  supply  in  South  Dakota  has  caused  this  State  to  declare  that 
such  rights  exist  and  to  authorize  interference  with  the  construction  or 
operation  of  wells  which  threaten  to  diminish  the  flow  of  those  sunk  at 
an  earlier  date.  There  is  a  wide  dift'erence  between  governing  the 
diversion  and  use  of  a  stream  whose  source  and  volume  can  be  read- 
ily determined  and  governing  a  subterranean  one,  whoso  souroe^ 
extent,  and  duration  are  all  matters  of  <'onjecture.  It  is  therefore 
somewhat  remarkable  that  the  legislation  of  this  State,  which  provides 
for  the  restricting  of  the  number  of  wells  in  a  township,  for  their  loca- 
tion by  public  officers  according  to  some  prearranj^^ed  or  systematic 
plan,  and  for  the  distribution  of  the  water  supply  by  public  officials, 
has  gone  further  than  have  those  of  other  States  in  regulating  the  dis- 
tribution of  a  visible  supply. 

'  The  only  law  relating  to  surface  streams  was  enacted  in  1897,  when 
two  declarations  were  made  appropriating  these  waters  to  i)ublic  uses. 
The  first  of  these  reads  as  follows: 

"That  all  surface  waters  in  the  State  of  South  Dakota  are  hereby 
appropriated  to  the  use  and  benefit  of  the  public.'"' 

In  a  law  approved  by  the  governor  four  days  after  the  one  Just 
quoted  there  is  a  material  restriction  upon  the  dedication  to  public 


« 
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'  8ec,  1,  chap.  75,  Sessiou  Laws,  1807. 
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ase;  the  first  section  of  the  law  last  enacted  being  ''That  all  surplus 
water,  above  the  normal  amount  in  lakes,  rivers,  creeks,  or  other  bodies 
of  water,  is  hereby  appropriated  to  the  use  and  benefit  of  the  people  of 
this  State/' ' 

The  expression  ''above  the  normal  amount''  at  once  raises  the  ques- 
tion as  to  what  is  to  be  considered  the  normal  flow  of  a  river  or  the 
normal  depth  of  water  in  a  lake.  If  it  is  simply  the  right  to  divert  the 
surplus  during  the  flood  season  the  right  is  of  little  value  for  direct 
irrigation.  Crops  need  water  as  badly  in  July,  when  streams  are  low, 
as  in  June,  when  they  are  at  their  flood,  and  a  right  which  would  ter- 
minate befoye  they  are  matured  would  hardly  be  worth  acquiring.  How 
far  the  later  law  will  serve  to  modify  or  restrict  the  right  to  take  water 
from  streams  to  store  in  reservoirs  for  use  in  irrigation^  only  a  judicial 
interpretation  can  determine ;  but,  taking  all  the  facts  togetner,  it  would 
appear  that  the  people  of  this  State  have  not  looked  with  favor  on  any 
serious  diminution  of  surface  streams  by  irrigators.  If  the  supreme 
court  should  decide  in  the  case  now  before  it  ^  that  the  common-law 
doctrine  of  riparian  rights  prevails  the  construction  of  large  canals 
will  be  attended  with  serious  risk. 

Rights  to  underground  waters, — No  such  uncertainty  exists  regarding 
the  use  of  subterranean  waters.  Any  person,  corporation,  or  company 
can  construct  artesian  wells  on  land  that  thej  own  or  control,  and  can 
under  certain  conditions  store,  lease,  or  sell  the  waters  thus  obtained.^ 
There  are  no  restrictions  on  the  rights  of  private  parties  to  make  wells 
on  their  own  lands  for  their  own  use  in  irrigation,  manufacturing,  or 
domestic  purposes,  but  since  1895  the  right  to  appropriate  wat^  for 
other  purposes  is  not  recognized  where  such  appropriation  will  reduce 
the  flow  of  adjacent  wells.'* 

Tbe  location  of  private  wells  is  also  subject  to  State  supervision  in 
order  that  the  most  recent  ones  may  not  reduce  the  flow  of  those  already 
constructed.** 

The  construction  of  artesian  wells  is  not,  however,  left  entirely  to  pri- 
vate enterprise.  The  laws  of  the  State  provide  for  their  construction 
and  control  by  townships  and  incorporated  villages.  While  the  amount 
of  money  invested  in  this  sort  of  development  is  far  less  than  the  debt 
incurred  through  the  sale  of  bonds  under  the  Wright  act  in  California, 
yet  so  far  as  the  principle  of  State  aid  and  control  is  concerned  it  is  an 
advance  on  the  legislation  of  any  other  State,  and  the  results  will  be 
followed  with  much  interest  by  other  arid  commonwealths. 

The  water  from  these  public  wells  may  be  used  for  the  purposes  of 
irrigation  and  for  domestic  purposes.  As  the  latter  term  is  very  dif- 
ferently construed  in  many  of  the  arid  States,  it  is  of  interest  to  notice 
the  limitations  placed  upon  the  term  in  the  Dakota  law.    It  is  defined 


'  Sec.  1,  chap.  77,  Session  Laws,  1897.  <  Sees.  1, 2, 5. 18, 19,  chap.  103,  Laws,  1890. 

2  Sec.  1,  chap.  104,  Session  Laws,  1895.  ^'  Sec.  42,  chap.  80,  Laws,  1895. 

3  Farwell  r.  The  City  of  Stnrgis.  '•  Sees.  43, 44, 46, 47,  chap.  80,  Laws,  1895. 


to  mean  for  household  aee,  for  the  supply  of  ilomestic  auimals  kept  with 
and  for  tho  tiae  of  the  household  and  farm,  and  the  watering  and  sus- 
taining of  trees,  grass,  flowers,  and  shrubbery  about  the  house  of  the 
consumer  in  an  area  not  exceeding  one  liall'  atro  of  land.  Water  may 
also  be  used  for  maiiufacturiug  purposes  whenever  such  use  will  not  in 
any  manner  obstruct  or  materially  diuiiuish  the  water  for  irrigittion 
purposes,  but  a  license  for  such  use  shall  not  be  for  a  period  to  exceed 
ten  years. 

The  water  from  these  public  wells  may  also  be  used  fur  the  fUIing  of 
reservoirs,  unless  in  the  Judgment  of  the  authorities  such  use  l«uds  to 
diminish  the  flow  of  other  wells  used  exclusively  for  domestic  and 
irrigation  purpoHea.' 

No  provision  has  aa  yet  been  made  for  determiuing  or  establisbtug 
priorities  of  right  between  wells  constructed  at  different  periods,  bat 
the  later  legislation  seems  to  indicate  that  the  superior  right  of  the 
wells  tirst  dug  is  recognized,  and  should  the  iuiTeasing  demand  resalt 
in  a  diminished  flow,  it  seems  reasonable  that  in  the  evolution  of  water 
laws,  which  has  already  taken  place,  the  next  step  will  be  to  follow  tlie 
practice  adojited  in  regard  to  the  use  of  water  from  streams  and  recog- 
nize the  superior  right  of  the  wells  flrst  constructed. 

WATER  LAWS  OF  WYOMING. 

Historical, — Water  rights  jirecedi'd  water  laws  in  Wyoming  Territory, 
Wheu  the  lirst  statute  giving  the  right  to  take  water  from  streams  was 
enacted  about  one  hundred  ditches  were  already  doing  this. 

This  law  was  passed  in  December,  lS7i>.  It  gave  parties  owning  or 
claiming  land  along  a  stream  the  right  to  take  water  therefrom  to  irri- 
gate it,  and  provided  that  when  there  was  a  scarcity  on  any  stream  the 
county  commissioners  of  the  county  wliere  complaint  was  made  should 
appoint  three  commissioners  to  divide  the  supply  among  those  needins^ 
it.  This  law  only  provided  for  the  use  of  water  in  irrigation.  "So 
record  of  cither  claims  or  appropriations  was  required,  nor  did  priorlt;f 
of  use  give  the  better  right,  as  it  does  under  present  laws.  The  lostmui 
to  file  on  laud  along  a  stream  had  the  same  right  to  its  use  as  the  flrat 
settler.  In  dividing  the  liow  the  three  commissioners  were  re()uired  to 
allow  each  user  all  he  needed  part  of  the  time  rather  than  an  inade- 
quate supply  all  of  the  time,  the  diversion  being  by  time  rather  than 
by  volume. 

In  many  res^iects  it  was  an  admirable  beginning  for  an  irrigation 
system,  but  it  had  one  weakness  which  led  to  its  failure  and  ultimate 
repeal.  It  did  not  flx  the  salary  of  commissioners  and  made  no  provi- 
sion for  paying  for  their  services.  Its  most  interesting  features  were 
the  abrogation  of  the  dodtriue  of  riparian  rights,  making  the  owner- 
ship  of  laud  rather  than  the  construction  of  ditches  the  bivsis  of  a  right 
'  Stfi's.  2. 3, 4, 13, 19, 20, 21, 22. 23, 30, 32, 34, 35, 36, 37,  chap.  M,  Seasiiiu  LawB  1885. 
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to  water;  placing  all  rights  on  an  equal  footing,  and  requiring  streams 
to  be  divided  by  time  rather  than  by  volume. 

For  eleven  years  after  its  passage  water-right  legislation  rested,  but 
in  1886  a  radical  change  was  made  by  the  adoption  of  what  was 
intended  to  be  a  complete  irrigation  code.  The  new  law  not  only 
made  radical  changes  in  methods,  but  the  departure  from  original  princi- 
ples was  eijually  great.  Under  the  original  law,  ownership  or  control 
of  land  was  the  basis  of  all  rights  to  use  streams;  under  the  later  one 
the  ownership  and  irrigation  of  land  were  both  practically  ignored.  The 
building  of  ditches  became  the  foundation  of  water  rights,  and  the 
leading  if  not  sole  test  of  an  appropriation.  The  original  doctrine  of 
the  equal  rights  of  all  users  gave  way  to  priority  of  appropriation,  the 
dates  of  such  priorities  being  fixed  by  the  time  when  the  ditch  on 
which  the  claim  rested  was  begun. 

•These  two  changes  made  a  record  of  existing  ditches  indispensable, 
and  elaborate  provision  was  made  for  this.  Claims  for  existing  ditches 
had  to  be  filed  with  the  clerk  of  the  district  court,  claims  for  new 
ditches  with  the  county  clerk.  The  county  surveyor  of  each  county 
was  required  to  measure  every  ditch  in  that  county,  issue  a  certificate 
of  its  capacity,  which  had  also  to  be  recorded.  The  surveyor's  charges 
and  all  these  recording  fees  had  to  be  paid  by  the  ditch  owner.  It 
made  a  heavy  tax,  and  as  the  results  were  not  satisfactory  the  law 
soon  became  very  unpopular.  The  claims  made  were  ex  parte,  and 
were  usually  for  extravagant  amounts.  The  surveyor's  charges  were 
in  some  cases  outrageous  and  his  certificates  of  little  value,  being  often 
made  out  without  even  a  visit  to  the  ditch.  In  no  instance  was  there 
an  actual  measurement  of  the  volume  diverted. 

After  all  these  fees  had  been  paid,  users  had  no  way  to  enforce  their 
rights.  For  all  practical  purposes  they  were  in  the  same  condition  they 
were  at  the  outset.  Before  anyone  could  close  the  headgates  of  late 
appropriators,  rights  had  to  be  adjudicated  in  the  district  court.  This 
court  was  the  real  authority.  Its  decree  was  the  sole  guide  to  the 
commissioner  and  the  basis  of  all  public  or  private  control.  The  pro- 
cedure was  copied  from  that  of  Colorado  and  was  open  to  all  the  objec- 
tions urged  by  Judge  Elliott  in  the  portion  of  his  brief  heretofore 
quoted.  The  court  could  not  begin  an  adjudication.  When  begun  by 
private  parties  it  was  simply  a  contest  for  the  ownership  of  public  prop- 
erty in  which  public  interests  were  not  represented.  Nor  was  the  pro- 
cedure satisfactory  to  users.  It  was  too  expensive.  In  the  five  years  of 
this  law's  existence  only  six  decrees  were  rendered. 

Two  years  later  the  law  was  modified  and  greatly  improved  by  doing 
away  with  the  certificates  of  county  surveyors  and  with  reiiuiring  claims 
to  be  recorded  in  the  district  court.  The  office  of  Territorial  engineer 
was  created.  Some  needed  limitations  were  placed  on  speculative  rights 
claimed  by  ditch  builders,  and  rights  for  dom^«<,\a  xvs«e*  ^«t^  \aa^^ 
superior  to  all  othera,  regardless  of  the  time  -wYievL^rfiw^vc^^ 
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In  1890  Wyoming  became  a  State,  and  this  cbange  was  atUized  to 
reform  the  water  laws.  The  code  of  1880  was  an  admitted  failure.  It 
had  no  a<lmiiiistrative  head;  there  was  no  central  record  of  ditches 
or  of  appropriations;  claims  against  a  single  stream  were  often  divided 
between  three  or  four  counties.  The  burden  of  recording  fees  had  pro- 
duced a  hostility  to  all  irrigation  legislation,  and  the  cost  of  a^jadi* 
eating  rights  in  the  courts  was  so  great  that  the  settlement  of  contro- 
versies was  not  keeping  pace  with  their  creation.  The  authority  of  the 
Territorial  engineer  was  nominal,  not  real.  He  had  no  oversight  over 
the  building  of  ditches  or  voice  in  the  establishment  of  rights.  Five 
officers  or  tribunals,  elected  to  x)erform  other  duties  and  with  littie  or 
no  knowledge  of  the  needs  of  users,  had  to  deal  with  water-right  qaee- 
tions  before  they  reached  his  office.  The  result  was  chaos,  which  all 
recognized  should  be  ended. 

The  water-right  complications  which  preceded  statehood  made  irri- 
gation one  of  the  leading  (][ue8tions  of  the  constitutional  convention. 
Its  members  were  unusually  well  informed,  both  as  to  the  obstacles  to 
be  overcome  and  the  need  of  adequate  laws.    The  constitution,  there- 
I  fore,  took  advanced  ground  on  these  ([uestions.    All  public  water  was 

J  made  the  perpetual  property  of  the  State.    A  spe<*ial  tribunal,  called 

the  State  board  of  control,  was  create<l  to  manage  this  property.  The 
State  was  divided  into  four  water  divisions,  based  on  drainage  lineSi 
and  a  superintendent  provided  for  each,  these  four  sui>erintendente 
and  the  State  engineer  forming  the  board  of  control.  The  State 
engineer  is  its  ex-officio  president.  In  addition  to  his  duties  as  a  mem- 
!j  ber  of  that  board  he  is  the  head  of  the  administrative  control  of  streams, 

!  and  all  appropriations  therefrom  are  subject  to  his  examination  and 

,  approval.    The  law  which  carried  these  provisions  into  effect  was 

passed  in  December,  1890,  and  is  still  in  force. 

Territorial  claims. — The  foregoing  is  a  brief  outline  of  tlie  legislation 
under  which  rights  to  water  have  been  acquired.  It  now  remains  to 
explain  the  number  and  character  ot  tliese  riglits. 

About  3,000  chiims  to  the  water  of  over  600  ditl'erently  named  streams 
and  springs  were  recorded  before  Wyoming  became  a  State.  On  six  of 
these  streams  court  decrees  have  fixed  the  priorities  find  amounts  of 
appropriations.  The  other  594  had  to  be  dealt  with  by  the  State  board 
of  control.  Many  of  these  were  overapi)ropriated,  and  the  s(;arcity  in 
the  supply  made  an  early  settlement  of  its  ownership  of  great  imi>or- 
tance.  The  determination  of  these  unsettled  rights  has,  therefore,  been 
the  leading  feature  of  the  work  of  the  board  of  control,  taking  more  of 
the  time  of  its  members  than  all  its  other  labors  combined.  Lack  of 
accurate  records  or  of  satisfactory  evidence  makes  the  determination  of 
priorities  laborious  and  difficult,  and  it  is  not  yet  completed.  There  are 
still  many  streams  on  which  not  a  single  right  has  been  confirmed  and 
established  There  exist,  therefore,  three  classes  of  Territorial  rights — 
those  established  by  court  decree,  those  determined  by  the  board  of 
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control,  and  the  inchoate  or  unsettled  rights  based  on  statements  of 
claim. 

The  titles  to  water  conferred  by  adjudicated  rights  are  not  the  same; 
on  the  contrary,  they  differ  widely  in  character.  Those  established  by 
court  decrees  are  not  attached  to  any  particular  tract  of  land.  In  some 
even  the  ditch  is  not  named.  The  owner  of  the  ditch  is  apparently  the 
absolute  master  of  its  decreed  capacity.  Rights  established  by  orders 
of  the  board  of  control  attach  to  the  lands  irrigated,  which  are  in  all 
cases  described.  The  ditch  through  which  the  water  is  diverted  is  also 
named,  it  being  the  theory  of  the  board  that  even  the  right  of  use  is 
restricted  to  the  place  and  purpose  for  which  it  was  acquired. 

Statements  of  claim  which  have  not  been  adjudicated  can  only  be 
considered  as  showing  a  probable  right.  In  but  few  cases  is  either  the 
ditch  or  the  use  for  which  the  water  is  claimed  properly  described. 
Nearly  all  claims  are  for  excessive  amounts. 

The  amounts  and  priorities  of  Territorial  appropriations,  established 
by  the  board  of  control,  have  been  based  on  the  following  evidence: 

Measurement  of  the  stream  and  of  ditches  taking  water  therefrom. 

Surveys  of  the  ditches  to  show  the  land  irrigated  or  capable  of  being 
irrigated. 

Proof  of  the  beneficial  use  of  water  by  the  appropriator. 

Records  of  Territorial  claims,  transcripts  of  all  these  records  having 
been  furnished  the  State  engineer. 

In  determining  these  rights  the  board  has  been  guided  by  the  follow- 
ing principles: 

Priority  dates  from  the  survey  of  ditches  if  such  survey  is  followed 
promptly  by  construction  and  the  beneficial  use  of  the  water  diverted. 

Where  proper  diligence  is  not  shown  priority  dates  from  the  time  of 
use. 

The  amounts  of  appropriations  are  fixed  by  the  volume  actually 
applied  to  beneficial  use.  In  irrigation  this  is  computed  from  the  acre- 
age of  land  reclaimed. 

Where  many  irrigators  take  water  from  one  ditch  or  canal,  each  one 
files  separate  proof  and  separate  certificates  of  appropriation  are  issued. 
No  appropriations  are  issued  to  ditches  or  ditch  owners  separate  and 
apart  from  the  use  by  which  the  right  was  acquired.  Forms  of  proof 
and  of  certificates  of  appropriation  are  given  in  the  second  bulletin  of 
this  series  (No.  60). 

Appropriations  made  since  Wyoming^ s  admission  to  statehood, — Between 
January  1, 1891,  and  July  1, 1898, 1,805  applications  for  appropriations 
of  water  through  new  ditches  and  350  applications  to  enlarge  or  extend 
old  ones,  have  been  filed  with  the  State  engineer. 

The  conditions  attached  to  the  majority  of  the  earlier  permits  have 
been  complied  with  and  certificates  of  appropriation  have  been  issued. 
A  large  number  have  been  canceled,  owing  to  failure  of  applicants  to 
either  begin  or  complete  work  within  the  time  designated  in  the  permit. 
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As  a  rule,  small  individoal  ditches  have  been  bailt.  All  of  the  large 
projects  started  prior  to  the  passage  of  the  Carey  act  in  1894  have  been 
abandoned  and  the  permits  therefor  have  been  canceled. 

How  appropriations  are  secured, — Anyone  desiring  to  secure  rigbta  to 
unappropriated  water  is  required  to  file  with  the  State  engineer  «n 
application  for  permit  to  make  such  appropriation.  The  form  oi  this 
application  is  i)rescribed  by  the  engineer.  Blanks  can  be  had  at  neeriy 
every  i^rinting  office  in  the  State,  or  from  the  engineer's  office. 

Permits  are  required  where  the  existing  use  of  water  is  to  be  increaeed 
or  extended.  If  a  ditch  is  to  be  enlarged  or  extended,  or  if  land  Dot 
described  in  an  existing  right  is  to  be  reclaimed,  the  application  mnet 
be  made  and  approved  in  the  same  manner  as  where  a  new  ditch  ie  to 
be  built. 

Priority  of  right  dates  from  the  filing  of  the  application  in  the  engi- 
neer's office,  provided  the  application  is  made  out  in  proper  form. 
Where  not  in  proper  form  it  is  returned  for  correction,  and  priority  datoe 
from  the  time  the  application  is  received  in  form  for  approval. 

The  failure  or  neglect  of  water  users  to  secure  rights  thereto  ban 
resulted  in  many  cases  of  hardship  and  loss.  Settlers  wbo  have  ignored 
the  law,  under  the  belief  that  use  alone  gave  title,  have  hml  to  accept 
priorities  many  years  later  than  they  would  have  been  entitled  to  bad 
the  law  been  complied  witb.  In  some  cases  this  lias  involved  the  loss  of 
an  ample  water  supply  and  the  enforced  acceptance  of  a  i)recarions  one* 

The  authorities  of  the  land  offices  require  parties  making  proof  of 
reclamation  under  the  desert  act  to  submit  evidence  of  title  to  water. 
Nothing  will  answer  in  Wyoming  hut  a  permit  issued  by  the  State 
engineer's  office.  Many  learn  this  at  the  last  moment,  when  it  caoaee 
delay  and  needless  added  expense. 

Form  and  conditionn  oj  applicatiouft, — The  form  of  applicatioa 
approved  has  been  changed  but  once,  to  confonu  to  an  amendment  to 
the  law  passed  in  1895. 

Two  maps  must  accompany  each  application.  One  of  these  mape 
must  be  on  tracing  linen, and  all  maps  must  be  prepared  in  accordance 
with  the  frdlowing  n^gulations: 

MiipH  uiiiNt  be  (Imwn  to  a  Hcalt*  of  not  Iosh  than  2  iix-lies  to  the  mile. 

Th<\v  iiiiint  Hbow  the  Io(*ation  of  the  bead  i^att;  by  rourseH  ainl  (listaiiceM  from  tome 
I  (lovoniiiicnt  corner.     Tbey  tiiuMt  Hbow  the  actual  location  of  the  ditrb  or  caual,  and 

where  (toveriiiiiriit  8iirv«»v  liiicH  are  rross^d  the  (liHtaiicc  to  tlic  neare.st  coriier  tnniit 
bo  n'wen.  (When^  r(>riierH  <an  not  be  found,  ^ivc  the  locution  of  tlie  survey  by 
ronrH<*H  and  diNtanceH.  j 

They  niUMt  nIiow  the  conr8<'  of  the  stream  from  which  water  is  taken,  the  location 
and  area  of  laud  to  1m*  irrigat<'d,  or  phnte  where  water  is  tn  be  used  for  other  ]Mir* 
]iOHeH.     (This  may  be  done  by  marking  the  boundaries  or  by  ioloriii^  tlic  areas.) 

Wherever  the  eanal  line  eroHHes  Htreanm  or  other  ditches  tlie  location  of  siicb  cross- 
ings must  bo  shown,  and  sneh  int4Tsectin^  stn'ains  and  ditches  mast  be  marked  by 
ink  of  a  different  color. 

Maps  of  enlargements  or  ext^^nsions  of  I'xisting  <litcheH  must  show  the  ]>oint  where 
Much  extiitmion  begins. 
Mapa  mnitt  contain  th«^  name  of  ditch,  cs\na\,  ov  v«%<iTviV\t,  wtv(V  \\\ft  \\w\\\^  *awv\  vwV 
oflfce  of  the  wnrveyor,  with  date  of  survey. 
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BESERVOIK8  AND   DAMS. 

Plans  of  dams,  cribs,  or  embankmoDts  must  be  drawn  on  a  longitudinal  scale  of 
not  less  than  1  inch  to  100  feet  and  for  cross  sections  of  not  less  than  1  inch  to  20 
feet.  Timber,  brush,  and  stone,  where  used,  shall  be  shown  in  detailed  plans,  the 
scale  of  which  shall  be  1  inch  to  4  feet.  The  plans  for  outlet  and  waste  ways  for 
reservoirs  shall  be  drawn  on  a  scale  of  1  inch  to  4  feet. 

The  maps  of  reservoirs  shall  show  the  total  area  to  be  submerged  and  enough 
levels  to  permit  of  computing  its  capacity. 

The  fees  for  examining  and  recording  these  applications  are  as  follows: 

For  filing  and  examining  applications  for  permits  to  appropriate  water,  $2. 

For  recording  statements  of  claim,  $1.50. 

For  recording  applications  for  reservoir  permits,  $1. 

For  recording  any  other  water-right  instrument — lor  the  first  100  words,  sfl;  for 
each  subsequent  folio,  15  cents. 

For  issuing  certificates  of  appropriation,  $1. 

For  making  certified  copies  of  records,  per  folio,  15  cents. 

For  attaching  certificate,  $1. 

Construction  of  ditches  or  canals  must  begin  within  one  year.  The 
time  of  completion  is  fixed  by  the  State  engineer.  In  determining  this 
the  engineer  is  guided  in  part  by  the  wishes  of  the  applicant,  but  chiefly 
by  the  magnitude,  location,  and  cost  of  the  work  to  be  done.  The 
maximum  time  given  is  five  years,  but  the  engineer  can,  where  good 
cause  is  shown,  extend  the  time  of  construction. 

Holders  of  approved  permits  are  required  to  report  the  completion 
of  the  ditch  or  canal  and  the  application  of  water  to  beneficial  use. 
After  the  time  of  completion  has  expired  parties  who  have  not  reported 
compliance  with  the  conditions  of  a  permit  are  requested  to  do  so,  and 
if  no  report  is  made  after  a  second  request  therefor  the  permit  is 
(canceled. 

Proofs  of  appropriation  under  permits. — Notices  of  the  complete 
beneficial  use  of  water  under  a  permit  are  filed  with  the  State  engineer 
and  submitted  by  him  to  the  board  of  control  at  their  next  regular 
meeting.  It  then  becomes  the  duty  of  the  superintendent  of  the  divi- 
sion where  the  water  is  used  to  Jiscertain,  by  a  personal  survey  or  the 
survey  of  some  authorized  subordinate,  whether  the  conditions  of 
the  permit  have  been  complied  with  and  to  take  the  sworn  proof  of  the 
appropriator.  The  report  of  the  examiner  and  the  proof  of  the  claimant 
are  submitted  to  the  board  of  control  at  its  next  regular  meeting,  and 
if  approved  a  certificate  of  appropriation  is  issued  and  the  title  is  com- 
plete. Rights  are,  therefore,  being  constantly  inaugurated  and  estab- 
lished along  streams,  the  aim  of  those  in  charge  of  the  State's  water 
supply  being  to  promptly  determine  all  claims.  Some  difficulty  has 
been  experienced  in  doing  this  on  streams  where  the  Territorial  claims 
have  not  been  adjudicated.  Until  the  priority  and  amounts  of  these 
earlier  rights  have  been  determined  it  is  impossible  to  fix  that  of  the 
later  ones. 

Nature  and  limitation  of  appropriation%, — n^\\^t^\^\i<i  o^^^XXots.  oS.  ^^^^js^ssN. 
importance  to  western  agriculture  about  \<7\i\c\^^i\iex^\^^<^^'^^^^^^'^ 
ence  of  opinion  as  the  nature  of  au  approvxmtiow.    \^  ^'\\\>^^  \^Q^Cv^^^^ 
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As  a  rule,  small  individaal  ditches  have  been  bailt.  All  of  the  large 
projects  started  prior  to  the  passage  of  the  Carey  act  iu  1894  have  been 
abandoned  and  the  permits  therefor  have  been  canceled. 

How  appropi^ations  are  secured. — Anyone  desiring  to  seenre  rights  to 
unappropriated  water  is  required  to  file  with  the  State  engineer  an 
application  for  permit  to  make  such  appropriation.  The  form  of  this 
application  is  prescribed  by  the  engineer.  Blanks  can  be  had  at  nearly 
every  printing  office  in  the  State,  or  from  the  engineer's  office. 

Permits  are  required  where  the  existing  use  of  water  is  to  be  increased 
or  extended.  If  a  ditch  is  to  be  enlarged  or  extended,  or  if  land  not 
described  in  an  existing  rigbt  is  to  be  reclaimed,  the  application  moat 
be  made  and  approved  in  tbe  same  manner  as  where  a  new  ditch  is  to 
be  built. 

Priority  of  right  dates  from  the  filing  of  tbe  application  in  the  engi- 
neer's office,  provided  the  application  is  made  out  in  proper  form. 
Where  not  in  proper  form  it  is  returned  for  correction,  and  priority  dates 
from  the  time  the  application  is  received  in  form  for  approval. 

The  failure  or  neglect  of  water  users  to  secure  rights  thereto  ban 
resulted  in  many  cases  of  hardship  and  loss.  Settlers  who  have  ignored 
the  law,  under  the  belief  that  use  alone  gave  title,  have  had  to  accept 
priorities  many  years  later  than  they  would  have  been  entitled  to  had 
the  law  been  complied  with.  In  some  ciises  this  has  involved  the  loss  of 
an  ample  water  supply  and  the  enforced  acceptance  of  a  precarious  one. 

The  authorities  of  the  land  offices  require  parties  making  proof  of 
reclamation  under  the  desert  act  to  submit  evidence  of  title  to  water. 
Nothing  will  answer  in  Wyoming  but  a  i)ermit  issued  by  the  State 
engineer's  office.  Many  learn  this  at  the  last  moment,  when  it  causes 
delay  and  needless  added  expense. 

Form  and  conditionH  of  applications, — The  form  of  application 
approved  has  been  changed  but  once,  to  ronforni  to  an  amendment  to 
the  law  passed  in  1895. 

Two  maps  must  accompany  each  application.  One  of  these  maps 
must  be  on  tracing  linen, and  all  maps  must  be  prepared  in  sucordance 

with  the  following  regulations: 

■■i 

MapH  must  bo  drawn  to  a  scale  of  iiot  less  than  2  inclies  to  the  mile.  * 

They  must  show  the  location  of  the  head  ^atc  by  courses  nn<l  diHtauccs  from  some  >*. 

Government  corner.  They  mnst  show  the  actual  location  of  the  ditch  or  canal,  fttid 
where  Oovemmeut  survey  lines  are  crossed  the  distance  to  the  nearest  corner  nmiit 
be  f?iven.     (Where  corners  can  not  be  fouud,  give  the  location  of  the  survey  by  • 

courses  and  distances.) 

They  must  show  the  coarse  of  the  stream  from  which  water  is  taken,  the  location 
and  area  of  land  to  be  irrigated,  or  place  where  water  is  t(»  be  used  for  oth<^r  pnr- 
posoH.     (This  may  be  done  by  marking  the  bonndaricH  or  by  coloring  the  areas.) 

Wherever  the  canal  line  crosses  streams  or  other  ditchen  tlie  location  of  Kuch  cross* 
ings  must  be  shown,  an<l  such  intersecting  Htreanis  and  ditches  mast  be  nnirked  by 
ink  of  a  ditl'erent  color. 

Maps  of  enlargements  or  extensions  of  existing  ditches  must  sliow  the  point  where 
3ftcJi  oxtenaion  begiua. 

Maps  nniBt  contain  tho  name  of  ditch,  ca\Aa\,  i>y  vea^irvvVw,  awCi  \\w  \\vv\\\«^  wwCV  v««.V 
oWce  of  the  Hurvoyov,  with  date  of  survey. 
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BESERVOIK8  AND   I)AM8. 

Plans  of  dams,  cribs,  or  embankments  mnst  be  drawn  on  a  longitudinal  scale  of 
not  less  than  1  inch  to  100  feet  and  for  cross  sections  of  not  less  than  1  inch  to  20 
feet.  Timber,  brush,  and  stone,  where  used,  shall  be  shown  in  detailed  plans,  the 
scale  of  which  shall  be  1  inch  to  4  feet.  The  plans  for  outlet  and  waste  ways  for 
rt'servoirs  shall  be  drawn  on  a  scale  of  1  inch  to  4  feet. 

The  maps  of  reservoirs  shall  show  the  total  area  to  be  submerged  and  enough 
levels  to  permit  of  computing  its  capacity. 

The  fees  for  examining  and  recording  these  applications  are  as  follows: 

For  filing  and  examining  applications  for  permits  to  appropriate  water,  $2. 

For  recording  statements  of  claim,  $1.50. 

For  recording  applications  for  reservoir  permits,  $1. 

For  recording  any  other  water-right  instrument — lor  the  first  100  words,  sj'l;  for 
each  subsequent  folio,  15  cents. 

For  issuing  certificates  of  appropriation,  $1. 

For  making  certified  copies  of  records,  per  folio,  15  cents. 

For  attaching  certificate,  $1. 

Construction  of  ditches  or  caucils  must  begin  within  one  year.  The 
time  of  completion  is  fixed  by  the  State  engineer.  In  determining  this 
the  engineer  is  guided  in  part  by  the  wishes  of  the  applicant,  but  chiefly 
by  the  magnitude,  location,  and  cost  of  the  work  to  be  done.  The 
maximum  time  given  is  five  years,  but  the  engineer  can,  where  good 
cause  is  shown,  extend  the  time  of  construction. 

Holders  of  approved  permits  are  required  to  report  the  completion 
of  the  ditch  or  canal  and  the  application  of  water  to  beneficial  use. 
After  the  time  of  completion  has  expired  parties  who  have  not  reported 
compliance  with  the  conditions  of  a  permit  are  requested  to  do  so,  and 
if  no  report  is  made  after  a  second  request  therefor  the  permit  is 
canceled. 

Proofs  of  appropriation  under  permits, — Notices  of  the  complete 
beneficial  use  of  water  under  a  permit  are  filed  with  the  State  engineer 
and  submitted  by  him  to  the  board  of  control  at  their  next  regular 
meeting.  It  then  becomes  the  duty  of  the  superintendent  of  the  divi- 
sion where  the  water  is  used  to  ascertain,  by  a  personal  survey  or  the 
survey  of  some  authorized  subordinate,  whether  the  conditions  of 
the  permit  have  been  complied  with  and  to  take  the  sworn  proof  of  the 
appropriator.  The  report  of  the  examiner  and  the  proof  of  the  claimant 
are  submitted  to  the  board  of  control  at  its  next  regular  meeting,  and 
if  approved  a  certificate  of  appropriation  is  issued  and  the  title  is  coni- 
])lete.  Rights  are,  therefore,  being  constantly  inaugurated  and  estab- 
lished along  streams,  the  aim  of  those  in  charge  of  the  State's  water 
supply  being  to  promptly  determine  all  claims.  Some  difficulty  has 
been  experienced  in  doing  this  on  streams  where  the  Territorial  claims 
have  not  been  adjudicated.  Until  the  priority  and  amounts  of  these 
earlier  rights  have  been  determined  it  is  impossible  to  fix  that  of  the 
later  ones. 

Nature  and  limitation  of  appropriaiionH. — n^\\^t^\&w<i  Q^'^^\I\ats.<^'i  ^^j^'sj^ 
importance  to  western  agriculture  abov\t\<7\i\e\A\\i«^^\^^^^'^^^^'^^^^ 
eace  of  opinion  as  the  nature  of  au  v\\)\>ro\>Tmt\o\v.    \\*  V\\\^i^  wQ.>Cvi>i 
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in  tli<*  hist:<)rical  review  of  the  State  laws  [i^oveniiu^  thisqueHtioii,  that 
they  were  radieiilly  changed  three  times  in  the  first  twenty  ye4ir8. 

From  the  limitation  ot*  a  water  ri^ht  to  tlie  irri;;ation  of  a  Hpecific 
tract  of  land,  which  was  all  the  act  of  1875  provided  for,  to  the  ri^ht  to 
use  anywhere  or  sell  to  anylxwly,  which  the  act  of  1880  made  i)088ible, 
waR  a  long  step  toward  speculative  ownershij)  of  streams.  The  decla- 
ration of  perpetual  public  ownership  or  control  nuide  in  the  Stiite  con- 
stitution and  the  attaching  of  rights  for  irrigation  to  the  land  reclaimed 
which  the  St^ite  law  recpiires  is  an  equally  raxlical  return  to  the  original 
doctrine.  Ditches  were  dug  and  rights  acrpiired  under  each  of  these 
laws.  If  the  courts  should  hold  that  the  law  in  force  when  a  right  wan 
established  governs  its  character,  then  the  limitations  of  appn>pria- 
tions  from  the  same  stream  may  vary  widely.  They  now  <lo  on  diflTer- 
ent  streams.  In  the  decree  establishing  appropriations  from  Crow 
Creek,  in  Laramie  ( -ounty,  in  1888,  the  water  is  given  to  the  man  or 
company  claiming  it.  Neither  the  land  on  which  water  is  to  be  usecl 
nor  the  ditch  by  whi<'h  the  water  is  diverted  is  hx^ated  or  named. 

In  the  adjudication  of  water  rights  trom  Baldwin  Creek  in  1S88  appro- 
priations  are  based  on  the  constrmttion  of  dit(*hes  which  are  named, 
and  the  appropriations  are  attached  to  these  dit(*hes.  Neither  the 
acreage  nor  location  of  the  land  on  which  the  wattM*  is  to  be  used  is  set 
forth.  On  Cra/y  Woman  Creek  the  nanu*  and  dimensions  of  the  several 
ditches  diverting  water  and  the  a<rreage  of  land  to  be  irrigated  are 
given,  but  the  location  of  the  land  is  not  d(»scribed.  These  cover  tbe 
variations  in  the  court  decrees.  Following  thes(*  come  the  adjudica- 
tions of  the  board  of  control,  in  which  the  lands  irrigated  are  described 
and  the  amount  of  theappro]>riation  is  based  on  tiie  needs  of  the  acre- 
age reclaimed  rather  than  on  the  dimensions  of  the  ditches.  The  right 
of  any  appropriator  to  continue  the  benelicial  ns4'  of  water  by  which  a 
decree  of  appropriation  was  secured  is  unquestioned,  but  the  right  of 
an  appropriator  to  transfer  the  usr  of  wat<»r  to  some  other  locality  or 
apply  it  to  a  ditlerent  purpose  from  the  one  by  which  it  was  accpiired 
is  still  a  Mibject  of  controversy  in  this  State.  In  the  casr  of  Frank  r. 
Ilicks,  which  involved  the  tratisfer  of  a  right  aiMpiin^d  under  the  law  of 
1880,  the  c<mrt  has  held  that  ''a  right  to  the  use  of  water  for  irrigation 
puri)oses,  together  with  the  ditch  or  otiuM-  <'oti(luit,  may,  however, 
be  conveyed  separate  from  the  land  upon  which  the  water  is  used.^ 
(Wyoming  Reports,  vol.  4).  The  authority  of  au  appropriator  to 
se])arate  a  water  right  from  the  land  when*  a^'quinMJ,  ifactiuired  un<)er 
the  State  law,  has  not  as  yet  beam  determiiu'd  further  than  tiiat  the 
board  of  control  has  uniformly  ruled  that  such  rigiit  docs  not  exist, 
but  that  all  rights  accpiire*!  under  the  State  law  attach  to  the  lands 
reclaimed  and  are  inseparable  therefrom.  Tliis  action  of  the  board  is 
based  U])on  the  following  provision: 

/'n>rif/rW,  Tli.'it   Hiich  ill)  .'iy)pro]>riiitiir  nIi.-iII   ut  in*  tiiiu'  !»«■  «'iitit.l<Ml  to  the  um?  of 
mom  w:i1vr  tbtiu  hv  rjui  iiiaki*  a  l»i'm'i\r\;\\  ;\\>p\\ivvV\**\\  v>V  vm  \\\\»  VvwvV  ^v'*^  \W\w\\v>i\\. 
of  \%  liitli  tlir  ;iy»/>i'o]»rjatioii  inav  hav»  \»eeu  sim-uva-iV.     \S^»i\.'i^.  v:\ivvv.  >»'.^^^\vi\\\jki'^% 
of  JSffff-fn.j 
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In  the  acceptance  of  lands  granted  to  the  State  under  the  Carey  Act 
it  is  declared : 

That  water  rights  to  all  lands  acquired  nuder  the  provisions  of  this  act  shall 
attach  to  and  become  appurtenant  to  the  land  as  soon  as  title  passes  from  the  United 
States  to  the  State.     (Sec.  21,  chap.  38,  Session  Laws  of  1895). 

It  is  to  be  hoped  that  cases  may  arise  under  which  it  will  be  pos- 
sible for  the  supreme  court  to  determine  exactly  the  distinction  which 
exists  between  the  rights  acquired  under  the  different  laws  governing 
this  question.  This  question  has  been  one  of  the  most  perplexing  with 
which  the  board  of  control  has  had  to  deal  in  the  determination  of 
rights  acquired  under  the  Territorial  acts.  The  board  has,  however, 
followed  the  same  procedure  throughout.  It  has  required  parties 
making  proof  to  describe  the  land  on  which  the  water  has  been  used, 
and  has  made  the  appropriations  attach  to  the  lands  reclaimed.  Cor- 
porations or  individuals  owning  ditches,  but  who  are  not  users  of 
water,  have  never  been  granted  rights  because  of  such  ownership,  the 
proof  being  made  and  the  appropriations  going,in  all  cases,  to  the  party 
and  use  by  which  acquired.  Ditch  owners  are  considered  as  common 
carriers  entitled  to  charge  for  the  transportation  and  delivery  of  water, 
but  having  no  authority  to  sell  rights  in  the  stream. 

Preferred  righU. — Under  the  law  of  1888  appropriations  for  domestic 
uses  took  precedence  of  appropriations  for  any  other  purpose.  That 
is,  an  appropriation  for  domestic  purposes  made  in  1890  would  take 
precedence  of  an  appropriation  made  for  irrigation  in  1888,  the  use 
being  superior  to  the  date  of  acquirement.  Only  one  case  has  arisen 
in  which  this  preference  has  been  enforced.  This  was  the  case  of  the 
Rattlesnake  Greek  pipe  line  taking  water  from  Eattlesnake  Creek  to 
be  used  for  domestic  purposes  in  a  mining  town.  The  law  making 
domestic  uses  a  preferred  right  was  repealed  in  1891,  and  there  is  no 
disposition  to  reenact  it.  The  only  preference  right  which  now  exists 
is  that  of  cities  and  towns  to  provide  for  increasing  demands  due  to 
their  growth.  Under  the  constitution  they  are  given  the  right  to  con- 
demn and  purchase  appropriations  made  for  other  purposes.  (Sec.  5, 
article  13,  State  Constitution.) 

Rights  to  stored  water. — The  law  of  1886  contained  a  provision 
giving  persons  constructing  reservoirs  the  right  to  take  and  store, 
from  any  stream,  its  unappropriated  water,  not  needed  for  immediate 
use.  This  law  made  no  provision  for  determining  the  amount  of  water 
stored,  nor  in  any  way  provided  for  establishing  rights  thereto.  It 
did,  however,  contain  a  provision  which  made  it  inoperative.  This 
was  the  declaration  "that  no  reservoir  shall  be  constructed  or  made 
in  or  across  the  channel  of  any  natural  or  running  stream."  As  this 
law  interfered  with  the  construction  of  a  number  of  projected  storage 
works  it  was  repealed  in  1891.  The  only  law.  now  in  fnroe^  relating  to 
reservoirs  is  that  which  requires  theplM  k^^Xs^^j^ 

engineer  and  authorizes  him  in  case  0*  '^'^ 

construction.    There  is  urgent  need. 
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provide  for  the  doterinination  of  the  amount  of  stored  water  and  proteet 
the  rights  of  those  making  improvements  of  this  character. 

State  control  of  Htreatm. — The  holders  of  prior  rights  to  a  stream  are 
protected  in  times  of  scarcity  by  the  water  commissioner,  who  is  a  sort 
of  police  officer  with  authority  to  open  and  close  the  head  gates  of 
ditches  and  to  arrest  any  user  of  water  who  interferes  with  such  bead 
gates  after  he  has  regulated  the  iiow  through  them.  Gommissionera 
are  appoii}ted  by  the  governor  from  names  recommended  by  the  divi- 
sion superintendent,  so  that  the  selection  of  these  officers  practically 
rests  with  the  superintendent.  The  present  governor  has  appointed 
whoever  the  superintendent  recommended,  and  made  him  responsible 
for  their  efficiency.  The  preceding  governor  required  the  superintend- 
ent to  submit  three  names,  from  whom  he  made  his  selection. 

The  jurisdiction  of  a  commissioner  is  limited  to  a  water  district. 
These  districts  are  created  by  administrative  orders  of  the  board  of 
control.  All  are  bounded  by  drainage  lines,  so  that  a  commissioner 
usually  has  jurisdiction  over  a  stream  and  its  tributaries.  This  is  not 
always  possible,  as  the  territory  covered  may  be  too  great  for  a  sing^ 
man  to  supervise.  In  such  cases  the  superintendent  has  authority  to 
direct  concerted  action  between  commissioners  dividing  parts  of  tbe 
same  supply. 

New  districts  are  created  as  necessity  therelbr  arises.  There  are  now 
40,  divided  as  follows : 

Fourteen  in  division  1,  7  in  division  2,  9  in  division  3,  10  in  division 
4.  Some  of  these  districts  are  too  large  and  will  have  to  be  subdivided^ 
as  increasing  use  and  growing  scarcity  make  the  need  of  more  efficient 
control  more  urgent. 

Commissioners  receive  $5  per  day  for  the  time  actually  employed. 
They  can  not  begin  work  until  their  services  are  called  for  by  two  appro- 
priators  of  the  district,  and  the  length  of  service  is  limited  to  fifty 
days  in  each  season.  In  important  districts  this  period  is  too  brief, 
and  appropriators  supplement  the  fund  provided  by  law. 

Each  division  superintendent  directs  the  action  of  commissioners  in 
contested  cases,  investigates  complaints  of  unfairnesg,  and  secures  con- 
certed action  of  commissioners  in  charge  of  different  tributaries  of  the 
main  drainage  system  which  each  division  embraces. 

The  State  engineer  is  the  administrative  head  of  the  distribution 
system.  Appeals  from  the  rulings  of  superintendents  are  made  to  his 
office. 

Commissioners  are  appointed  for  two,  sui)erintendents  for  four,  and 
the  State  engineer  for  six,  years.  The  board  of  control  has  always  had 
rei)resentativesof  both  political  parties,  and  three  out  of  the  five  mem- 
bers have  served  continuously  since  its  creation. 

The  same  is  true  of  the  water  commissioners.  The  sole  test  has  been 
honesty  and  fitness,  and  no  man  who  has  met  these  requirements  has 
ever  been  removed. 
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Where  records  of  titles  to  tcater  may  be  found. — Statements  of  claims, 
applicatioDs  for  permits,  and  orders  of  board  of  control,  in  State  engi- 
neer's office. 

Certificates  of  approDi-iation,  in  county  clerk's  office. 

Court  decrees,  ip  officeof  clerk  of  district  court  and  in  State  engineer's 
office. 

WATER  LAWS  OF  THE  NORTHWEST  TERRITORIES  OF  CANADA. 

As  has  been  stated  before,  a  discussion  of  the  water-right  laws  of  the 
Northwest  Territories  of  Canada  has  been  included  to  enable  those 
interested  to  compare  the  methods  of  an  adjoining  country  with 
our  own. 

These  laws  are  of  a  twofold  character:  (1)  the  general  law  under 
which  water  rights  are  obtained  and  enjoyed;  and  (2)  the  territorial 
law  relating  to  the  formation  of  irrigation  districts  to  undertake  irri- 
gation as  a  municipal  work.  $ 

In  considering  these  laws  the  first  contrast  which  presents  itself  is 
the  origin  of  the  general  law  relating  to  water  rights.  This  law  is  an 
enactment  of  the  Dominion  Parliament  instead  of  being  the  subject  of 
iocal  legislation,  and  may  be  compared  to  an  enactment  by  Congress  of 
an  irrigation  code  for  the  entire  arid  West.  Under  this  system  the 
control  of  both  land  and  water  remains  under  one  authority  until  dis- 
posed of  to  private  owners  or  users.  It  also  avoids  the  troublesome 
problem  of  interstate  rights,  which  now  besets  a  number  of  localities  in 
the  West.  This  general  law,  although  a  Dominion  enactment,  is  admin- 
istered through  the  territorial  government,  the  department  of  public 
works  of  that  government  being  the  central  office  df  record  for  appli- 
cations for  water  rights,  duplicate  copies  of  such  applications  being 
forwarded  from  the  territorial  department  for  record  at  Ottawa,  the 
Dominion  capital.  The  authority  administering  the  law  is  therefore 
centrally  situated  in  this  arid  region,  and  in  direct  touch  with  those 
desirous  of  acquiring  water  rights,  wliile  the  further  safeguard  is  pro- 
vided of  a  record  of  such  rights  in  the  Dominion  records. 

In  Canada  admission  of  a  territory  to  confederation  as  a  Province,  or 
to  statehood,  as  we  would  call  it,  is  a  matter  of  arrangement  between  the 
territorial  and  Dominion  governments,  and  the  provincial  constitution 
is  not  a  matter  for  expression  of  opinion  by  the  residents  of  the  territory 
seeking  the  provincial  status,  the  rights  which  can  be  acquired  being 
closely  defined  by  the  British-American  act  enacted  by  the  Imperial 
Parliament  at  the  time  of  the  confederation  of  the  eastern  Provinces  into 
the  Dominion  of  Canada.  The  control  of  the  water,  except  navigable 
streams,  is  one  of  the  rights  which  pass  to  a  Province  when  entering 
confederation,  but  the  vacant  lands  remain  within  the  control  of  the 
Dominion;  so  they,  like  us,  have  the  divided  ownership  of  land  and 
water,  which  has  caused  so  much  trouble  in  properly  dealing  with  irri- 
gation in  our  arid  West.    In  the  Norttiwe^t  T«tY\\«i\ft^  N;>ckftr3>^»M^0^^^ 
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ever,  the  advantage  that  these  waterrigbt  laws  have  been  enacted  and 
enforced  before  the  provincial  statas  is  reached,  and  the  further  advan- 
tage that  a  careful  record  of  all  these  rights  granted  is  a  part  of  the 
territorial  records. 

The  water  of  streams  and  lakes,  like  the  public  laud  which  bordera 
them,  is  the  property  of  the  Crown,  and  is  disposed  of  under  as  rigid 
regulations. 

liiparian  rights^  except  for  the  needs  of  users  for  domestic  parposea^ 
are  not  recognized.  A  user  of  water  away  from  a  stream  has  the  same 
right  thereto  for  irrigation  as  the  owner  of  land  along  its  banks.  The 
significance  of  the  fact  that  a  part  of  the  British  Empire  has  promptly 
recognized  the  need  of  abrogating  the  common  law  doctrine  of  riparian 
rights  ought  to  be  recognized  by  those  States  which  are  demoralising 
irrigated  agriculture  by  attempting  to  retain  it.  The  clause  wlileh 
defines  the  extent  of  governmental  ownership  is  given  entire: 

The  property  in  aud  the  right  to  tho  use  of  all  the  water  at  any  time  in  any 
river,  8tream,  water  courHe,  lake,  creek,  ravine,  canyon,  lagoon,  swamp,  marsh,  or 
other  body  of  wat<'r  shall,  for  the  ]>urpoBe8  of  this  art,  be  deemed  to  be  vested  in 
the  Crown,  unlesH  and  until  aud  except  only  so  far  as  some  right  therein,  or  to  tlie 
use  thereof,  inoonsistent  with  the  right  of  the  Crown,  and  which  is  not  a  pablio 
right  or  a  right  common  to  the  public,  is  established;  and,  save  in  the  exercise  of 
any  legal  right  existing  at  the  time  of  such  diversion  or  use,  no  person  shall  dirort 
or  UHO  any  water  from  any  river,  stream,  water  course,  lake,  creek,  ravine,  cKijoUp 
lagoon,  swamp,  marsh,  or  other  body  of  water  otherwise  than  under  the  provisioiit 
of  this  act. 

The  purposes  for  which  water  may  be  accpiired  are  divided  into  three 
classes:  First,  domestic  purposes,  which  include  household,  sanitary 
purposes,  the  wateiung  of  stock,  and  all  purposes  cx)nnected  with  the 
working  of  railways  and  factories  by  steam.  This  does  not  include  the 
sale  or  barter  of  water  for  such  pur])08es.  The  second  class  is  righta 
for  irrigation,  and  the  third  for  other  purposes;  but  no  application  will 
be  granted  where  it  will  deprive  any  person  of  the  use  of  water  from 
the  stream  for  domestic  purposes. 

Method  of  acquiring  rightu  and  vharacter  of  revordn, — It  will  be  seen 
that  this  law  recognizes  the  importance  of  titles  to  water  and  at  the 
outset  impresses  it  on  intending  users  by  the  care  which  is  manifested 
by  having  the  preliminary  application  give  in  detail  all  of  the  facts  on 
which  the  right  is  to  be  ultimately  measured.  There  are  no  ex  parte 
claims  of  more  water  than  streams  carry  without  map  of  ditches  or 
description  of  land.  There  is  no  recording  of  claims  without  examiua* 
tion  or  correction.  Instead  of  the  characteristic  procedure  of  the  arid 
States,  there  is  all  the  order  and  method  that  marks  the  dis{)OBal  of 
public  land  by  the  General  Government. 

The  applications  for  a  license  tf)  divert  and  use  water  from  any  source 
must  set  forth  in  the  fullest  detail  the  names  of  otlicers  and  sharehold- 
ers,  in  the  caseof  companies,  or  the  names  of  the  individuals  where  the 
i)pp}icant  is  not  an  iiicori)oi'ated  company,  their  post-olhcc  addresseSf 
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tbeir  proi)OBed  plans,  and  their  financial  ability  to  carry  out  the  pro- 
jected work.  There  must  be  maps  and  plans  giving  in  detail  the  loca- 
tion of  projected  ditches  and  the  location  and  acreage  of  laud  to  be 
irrigated.  Simple  filing  of  the  applications  does  not  end  the  matter,  a^ 
it  does  in  many  of  the  arid  States.  They  must  be  examined  by  some 
(qualified  officer,  and  if  not  correct  must  be  corrected  and  a  copy  of  the 
corrected  plans  filed  for  public  inspection  in  the  central  office  in  the 
Territory  and  another  with  the  department  of  the  interior  at  Ottawa. 

In  addition  to  this  application,  in  all  ditches  intended  to  divert  over 
10  cubic  feet  of  water  per  second  a  public  notice  must  be  given  in 
(me  issue  of  the  Canada  Gazette,  and  another  notice  once  a  week  for 
a  period  of  not  less  than  thirty  days  nor  more  than  ninety  days  in  a 
newspaper  in  the  neighborhood  of  the  proposed  works.  The  superi- 
ority of  a  notice  of  this  kind  to  the  plan  adopted  by  some  of  the  arid 
States  of  posting  a  notice  on  a  stake  in  some  lonesome  bend  of  the 
stream  does  not  need  to  be  dwelt  upon. 

In  cases  of  ditches  of  less  that  10  cubic  feet  capacity  a  newspaper 
notice  is  required  for  thirty  days.  The  purpose  of  this  preliminary 
newspaper  notice  is  to  give  those  whose  interests  will  be  injured  by  the 
proposed  diversion  an  opportunity  to  protest  to  the  authorities  of  the 
government,  and  no  work  is  permitted  to  be  begun  until  parties  have  had 
an  opportunity  to  be  heard  and  until  the  government  has  rendered  its 
decision  on  the  merits  of  the  proposed  use.  After  this,  work  is  not  per- 
mitted to  be  begun  until  the  approval  of  the  government  has  been 
4signified,  with  such  changes  as  the  government  has  seen  fit  to  order. 
The  authorization  issued  specifies  a  time  in  which  the  work  shall  be 
completed,  and  it  is  the  final  authority  for  proceeding  with  the  work, 
and  the  construction  of  the  works  is  subject  to  inspection  by  a  govern- 
ment official  at  any  time  during  their  progress.  To  appropriators  of 
water  in  the  arid  States,  accustomed  to  the  careless  methods  which 
generally  prevail,  this  may  seem  like  a  slow  and  vexatious  preliminary, 
but  experience  has  already  shown  that  a  neglect  of  these  precautions 
at  the  outset  involves  ten  times  as  great  an  outlay  afterwards  in  the 
effort  to  unravi»l  the  tangle  which  our  lack  of  definite  records  creates. 
It  has,  moreover,  this  very  marked  advantage:  That  the  privilege 
is  definite,  and  one  can  tell  before  entering  upon  it  exactly  what  is 
required  and  when  the  legal  formalities  may  be  completed.  Our  method 
of  leaving  everything  for  a  final  settlement  in  the  courts  is  not  only  an 
injustice  to  these  tribunals,  but  places  every  irrigator  in  a  position  where 
he  neither  knows  what  the  expense  of  a  final  settlement  of  his  title  is 
to  be  nor  when  that  expense  will  end. 

Ditches  authorized  under  this  act  must  be  begun  within  two  months 
after  the  publication  of  the  last  notice,  unless  this  time  falls  between 
the  1st  of  November  and  1st  of  the  May  following,  but  when  this 
occurs  the  time  shall  date  from  the  1st  of  May  following.  The  time  for 
completion  is  fixed  by  the  government,  which,  V\o^^\^\^\i'^^^N\'0^«^>^ 
to  extend  this  for  any  reason  which  may  \3e  A^^m^^  ^w^v!\fc\A>. 
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The  amount  of  the  appropriation  is  limited  by  the  capacity  of  tbm 
workH,  which  is  determined  by  an  inspection  ordered  by  the  minister 
of  the  interior,  and  the  report  of  this  inspector  is  made  oonclnsiTa. 
This  is  believeil  to  be  a  mistake.  The  experience  of  the  arid  States  of 
this  conutry  has  shown  that  making  tlie  ditch  builder  the  approfuriator 
of  water  does  not  afford  sufficient  security  to  the  user.  It  is  not  the 
ditch  builder  who  makes  the  principal  return  nor  whose  interests  are  of 
enduring  moment;  it  is  the  man  who  reclaims  the  land  and  makes  his 
home  thereon  who  should  receive  the  first  consideration  of  the  law- 
makers who  deal  with  the  subject.  Making  ditch  builders  or  cjtnaloom- 
pani(fs  the  approi>riiitors  of  water  threatens  to  put  users  of  water  from 
those  canals  under  a  per|)etual  mortgage  to  them. 

The  priorities  of  rights  of  the  different  parties  receiving  license  to 
ac4|uire  water  for  irrigation  are  determined  by  the  date  of  approval  of 
these  licenses.  In  case  there  is  not  water  enough  for  all  it  is  made  the 
duty  of  the  government  to  ascertain  the  facts  and  to  close  the  head 
gates  of  those  ditches  which  aiC  receiving  an  undue  supply  or  which 
are  taking  the  water  belonging  to  other  ditches  by  reason  of  their 
earlier  rights. 

The  cubic  foot  per  second  is  made  the  unit  of  measurement  for  ma- 
ning  streams,  and  the  acre- foot  the  unit  of  measurement  for  quantify* 

In  addition  to  these  statutory  provisions  the  government  has  the 
authority  to  make  whatever  regulations  are  needed  to  make  its  admin* 
istration  effective. 

It  will  be  noticed  that,  taking  into  account  the  differences  involved 
in  having  one  system  under  State  authority  and  the  other  under  the 
authority  of  the  general  government,  the  irrigation  law  of  Canada 
bears  a  close  resemblance  to  that  of  Wyoming.  In  both  the  distine* 
tive  features  are  the  absolute  public  ownership  of  the  streams;  the 
care  exercised  in  the  preliminary  steps  for  the  aciiuireinent  of  titie; 
the  fixing  by  the  government,  and  not  by  the  applicant,  of  the  amount 
of  water  to  be  acquired;  the  establishment  of  conditions  before  a  dol- 
lar if)  invested  by  either  ditch  builder  or  water  user,  and,  finally,  the 
celerity  and  cheapness  with  which  rights  are  established  after  th^ 
work  is  done  and  the  care  and  efUciency  with  which  the  government 
protects  these  rights  when  once  established.  In  both  cases  they  are 
irrigation  systems  which  arrive  somewhere.  In  neither  is  the  court 
recjuired  to  become  an  agency  to  supply  the  omissions  and  neglect  of 
lawmakers  in  the  preliminary  stages  of  the  establishment  of  title. 
Under  both  systems  litigation  has  been  reduced  to  a  minimum,  because 
at  every  step  the  irrigator  is  dealing  with  specially  trained  officials 
who  are  giving  their  entire  time  and  thought  to  the  administration  of 
these  laws. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 
WdshingtoUy  D.  (7.,  Janiiary  11,  1899, 

Sir  :  I  have  the  honor  to  transmit  herewith  a  compilation  of  abstracts 
of  laws  for  acquiring  titles  to  water  from  the  Missouri  River  and  its 
tributaries,  with  the  legal  forms  in  use,  prepared  by  Prof.  Elwood 
Mead,  State  engineer  of  Wyoming,  in  accordance  with  instructions 
given  by  the  Director  of  this  Office.  This  compilation  is  supplemen- 
tary to  Bulletin  No.  58  of  this  Office  on  Water  Rights  on  the  Missouri 
River  and  its  Tributaries,  by  the  same  author. 

This  bulletin'  is  respectfully  submitted,  with  the  recommendation 

that  it  be  published  as  Bulletin  No.  60  of  this  Office. 

Respectfully, 

A.  C.  True, 

Director, 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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LAWS  AND  LEGAL  FORMS  FOR  ACQUIRING  TITLES  TO 
WATER  IN  Tl  MISSOURI  RIVER  BASIN. 


IHTBODncnOH. 

The  diversion  of  water  from  streams  by  the  irrigators  and  ditch 
builders  of  the  arid  States  has  made  it  necessary  to  enact  laws  for 
the  establishment  and  protection  of  their  individual  rights  therein. 
It  is  essential  that  the  farmer  under  irrigation  look  as  carefully  after 
his  title  to  a  share  in  the  common  water  supply  as  he  does  after  his 
land  title.  Emigrants  from  regions  of  abundant  rainfall  often  fail  to 
recognize  the  importance  of  doing  this  or  are  at  a  loss  to  know  what 
is  required  to  safeguard  their  interests.  Because  of  this  many  suffer 
serious  financial-  loss  and  the  success  and  orderly  administration  of 
irrigation  codes  are  often  called  in  question.  Bulletin  No.  58  of  this 
series  contains  a  discussion  of  the  water-right  laws  of  those  States 
drained  in  whole  or  in  part  by  the  Missouri  River.  It  was  prepared 
to  aid  water  users  in  establishing  their  rights  and  to  promote  the 
agricultural  development  of  that  great  region.  It  directs  attention 
to  the  need  of  simpler,  cheaper,  and  more  effective  methods  of  dis- 
posing of  the  public  water  supplies  than  those  which  now  prevail  in 
some  of  those  States.  It  is  believed  that  a  publication  of  the  laws 
which  that  bulletin  discusses  and  the  legal  forms  which  irrigators 
and  other  appropriators  of  water  must  use  will  be  another  and  valua- 
ble aid  in  removing  the  anxiety  and  uncertainty  of  many  to  whom 
the  problems  of  irrigation  are  new  and  strange. 

Irrigation  laws  have  to  deal  with  many  subjects  besides  the  control 
and  division  of  the  public  water  supply.  There  are  elaborate  statutes 
for  the  regulation  of  canals,  for  the  determination  of  the  rights  of 
carriers  and  users,  and  for  the  promotion  of  new  works.  From  this 
bulletin  all  such  laws  have  been  excluded  in  the  belief  that  by  sepa- 
rating the  laws  which  govern  water  titles  and  public  control  of 
streams  from  all  other  irrigation  legislation  a  clearer  understanding 
of  their  scope  and  purpose  would  be  secured  than  by  a  compilation  of 
all  the  laws.  The  forms  which  are  given  are  copies  of  those  now  in 
use  and  comply  with  existing  laws. 
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WATF.R  LAWS  OF  COI.ORAIX). 


iiir»*4.>«.Kii«.».»..rf.  Sk<;.  n.  The  witter  of  BTery  iiatnrftl  stream,  not  bflS^ 
Wator  public  propertj.  ^^t<,TB  «ppr«priate<l.  within  the  8t»te  of  OAmOo  ta 
hereby  declared  tnbe  the  property^  of  the  pnlitic.  and  the  tiame  is  dedicated  to  tltS 
nse  of  the  people  nf  the  Btate,  Hubjett  t^i  upprupriation  an  h.rHiiiiftt-r  pmvlilail. 
DiTnrtlnr  nnannrnnrlal^d  Sec.  6.  Thpri({litt<)divertiiii,iiii,n>pr!Bt«<l  wateW 
waSr"  pr^orlR  of  anvnatnral  stream  for  becfiiinl  iiHi>ni.hftIl  navwr 

er  riKht  aa  between  i 

waters  of  anynatnral  stream  are  not  Bnffici>'iit  for  theaerviiii  u'f  all  thniie  d(«irillff 
the  use  of  the  aame,  thoHe  UNini;  tlie  water  for  doin«>dtic  pimiosi-H  xhall  hare  tlw 
preference  over  those  claiming  for  any  other  piirpoHe,  and  Uuw  iiNJnji  the  watar 
lor  agricnltiiTal  pnrpoecs  tihall  havo  the  preference  over  thoHf  uniui^  the  aaiiMt  fur 
tmmafactnring  pnrpoBee. 


Seo.  3370,  Poraona  desironBt-ftconrtrnct  and  in 


Vt^nrU-rAtriirt,t  ^KC.  8268,  That  all  ditches  now  conatnirtpd  or  hereaftra*  to 
moriiy  oi  ngni.  ^  pxinstmcted  for  the pnnxw "f  iitiliztujr  (h.>  waste. M<c<p<«e. 
or  npring  waters  of  the  State  eihall  l)e  Kovenied  by  the  euiiiit<  Iiiwh  relatlDfc  tO 
priority  of  right  as  those  ditches  conHtmct^Hl  tiiT  the  pnrinis<>  ■•{  utiliziii);  tJbo 
—  ■— H  of  mnning  Btreains:  l^roviiled.  That  thi"  iH'rson  njKiii  wlioKi'huiilNtbe  tom^ 

-^7.  i7il/  L- Jll--*    tain  r<.Herv.rirH  for  the  purpow  of  storiiiK  water  ahall 

right  of  waj;  coademna-    j^^.^  ^^^^    -  ht  to  tate  ^rom  any  of  th..  nnWtiU 

streams  ()f  too  State  and  store  away  any  tina)ipro- 

Sriated  water  not  needed  for  immediate  nae  for  domestie  or  irriKniing  purnoMs; 
>  constnict  and  maintain  ditt'hes  for  carrying  sueh  water  t'l  and  fmui  Hiicn  n«- 
ervojr.  and  to  condemn  lands  for  niich  reservoirs  andditchi's.  in  tin-  shiiik  luanDtir 
provided  by  law  for  the  condemnation  of  land  for  right  of  wuy  fi  ir  ditehcH. 
Eini.  ^t.t.»._t.  «»..i.i»<,.  Sec.  34IM).  In  order  that  all  iHiriii'ii  may  bg  pro- 
^'.^  ?A*^'t™*'^4"  hI?*i«S'    tecte,!  in  their  lawful  rights  V,  tli-  ns..  of  ^^Sr 

?^r;f?l /jA™  "        '    forirrigation,everyi«™n.a.^.,Hiati..n...i<-ot™w». 

poBt-offlce  addroM.  ^j^^  „^j„^  '^^  tiHi,„ing  any  i.it.n^t  in  aT,y  .fetch 

canal,  or  reservoir  within  any  water  district  shall,  on  <)r  licfore  the  l"t  rhiynf 
JanOj  A.  D.  1»81,  file  with  the  clerk  of  the  district  conrt  having  ^uriwli<tion  of 
priority  of  right  to  the  use  of  water  for  irrigation  in  snch  water  district  a  Ktate- 
ment  of  claim  under  oath,  entitle.!  of  the  pn>i>er  conrt,  and  in  tho  iimttcr  at 
priorities  of  water  rights  in  district  No.  — ,  as  the  case  may  Ih-,  whi.'li  ftiitenu-iit 
shall  contain  the  name  or  names,  together  with  the  [Kwit-ofHce  addrc-s.  r>f  tlm 
claimant  or  claimants  claiming  ownershiii.  as  afnreHnid.  of  any  such  dil'li.  <'iiTiaI. 
or  reservoir,  the  name  thereof,  if  any.  and  if  withont  a  nam."  the  owiirr  •  .r  ( >wn.Ts 
shall  choose  and  adopt  a  name,  to  be  therein  stated,  by  whiili  •nwh  ■\\u-),  r  im^il. 
or  reservoir  shall  thereafter  bo  known;  the  description  oi"  -i-  ■-  ■  ..miI.  nr 

reservoir,  as  to  location  of  head  gate,  general  cotirse  of  di'<  the 

natural  stream  from  which  such  ditch,  canal,  or  reser^■"i^    ■  ,    i  ..f 

water;  the  length,  width,  depth,  and  grade  theri'of .  as  near  as  may  be;  the  ttmo^ 
fixing  a  day,  month,  and  year  as  the  date  of  the  appropriation  of  water  by  orig- 
inal constmction,  also  by  any  enlargement  or  i-stcnsion,  if  any  such  thereof  msf 
have  be<tnmade,  and  the  amount  of  wat.'r  claimed  by  or  under  sndi  constmcttOB, 
enlargement,  or  extension,  and  the  present  rapacity  of  the  ditch,  canal,  or  feedw 


of  reservoir,  and  also  the  nmnber  of  acres  of  land  Ijring  under  and  bein^  or  pro- 
posed to  be  irrigated  by  water  from  snch  ditch,  canal,  or  reservoir.  Said  state- 
ment shall  be  signed  by  the  proper  party  or  parties. 

n  jf         t  _x  Sec.  2408.  When,  at  any  time  after  the  1st  day  of 

^H^f lllSanllL .^ avitlinr  J™®*  A.  D.  1881,  aky  one  or  more  persons,  assciia- 
ftl'  ^Ji?X.*iifS^Xi?-:  tions;  or  corporations  interested  as  owners  of  anv 
A^  I  ?I  !lu«5««/r^;  ^^^^  <»nal»  or  reservoir  in  any  water  district  shafi 
?l «rk  '  c«'^"»<^*«  ^  ^  present  to  the  district  conrt  of  any  county  having 
®*®"**  jurisdiction  of  priority  of  rights  to  use  tne  water 

for  irrigation  in  such  water  district  according  to  the  provisions  of  an  act  entitled 
''  An  act  to  regulate  the  use  of  water  for  irrigation  and  providing  for  settling  the 
priority  of  ri^ts  thereto  and  for  payment  of  the  expenses  thereof  and  for  pay- 
ment of  all  costs  and  expenses  incident  to  said  regulation  of  use,"  or  to  the  judge 
thereof  in  vacation,  a  motion,  petition,  or  application  in  writing,  moving  or  praying 
said  court  to  proceed  to  an  adjudication  of  the  priorities  of  rights  to  use  of  water  for 
irrigation  between  the  several  ditches,  canals,  and  reservoirs  in  such  district,  the 
court,  or  judge  thereof  in  vacation,  shall,  without  unnecessary  delay,  in  case  he 
shall  deem  it  practicable  to  proceed  in  open  court,  as  prayed  for,  by  an  order  to 
be  entered  of  record  upon  such  motion,  petition,  or  application,  apx)oint  a  day  in 
some  regular  or  special  term  of  said  court  for  commencing  to  he^r  and  take  evi- 
dence in  such  adjudication,  at  which  time  it  shall  be  the  duty  of  the  court  to  pro- 
ceed to  hear  all  evidence  which  may  be  offered  by  or  on  beha]|  of  any  ditch,  canal, 
or  reservoir  in  such  district,  either  as  owner  or  consumer  of  water  therefrom,  in 
support  of  or  against  anjr  claim  or  claims  of  priority  of  appropriation  of  water 
made  by  means  of  any  ditch,  canal,  or  reservoir,  or  by  any  enlargement  or  exten- 
sion thereof,  in  such  district,  and  consider  all  such  evidence,  together  with  any 
and  all  evidence,  if  any,  which  may  have  been  heretofore  offered  and  taken  in 
such  district  in  the  same  matter  by  any  referee  heretofore  appointed  under  the 
provisions  of  said  act  above  herein  mentioned,  and  also  the  arguments  of  parties 
or  their  counsel,  and  shall  ascertain  and  find  from  such  evidence,  as  near  as  may 
be,  the  date  of  the  commencement  of  such  ditch,  canal,  or  reservoir,  together 
with  the  original  size  and  carrying  capacity  thereof  as  oripnally  constructed,  the 
time  of  the  commencement  of  each  enlargement  or  extension  thereof,  if  any,  with 
the  increased  capacity  thereby  occasioned,  the  time  spent,  severally,  in  such  con- 
struction and  enlargement,  or  extension  and  reenlargement,  if  any,  the  diligence 
with  which  the  work  was  in  each  case  prosecuted,  tne  nature  of  the  work  as  to 
difficulty  of  construction,  and  all  such  other  facts  as  may  tend  to  show  the  com- 

Sliance  with  the  law  in  acquiring  the  priority  of  right  claimed  for  each  such 
itch,  canal,  or  reservoir,  and  determine  the  matters  put  in  evidence,  and  make 
and  cause  to  be  entered  a  decree  determining  and  establishing  the  several  priori- 
ties of  right,  by  appropriation  of  water,  of  the  several  ditches,  canals,  and  reser- 
voir [reservoirs J  in  such  water  district,  concerning  which  testimony  shall  have 
been  offered,  each  according  to  the  time  of  its  said  construction  and  enlargement, 
or  enlargements  or  extensions,  with  the  amount  of  water  which  shall  be  held  to 
have  been  appropriated  by  such  construction  and  enlargements  or  extensions, 
describing  such  amount  by  cubic  feet  per  second  of  time,  if  the  evidence  shall 
show  sufficient  data  to  ascertain  such  cubic  feet,  and  if  not,  by  width,  depth,  and 
grade,  and  such  other  description  as  will  most  certainly  and  conveniently  snow  the 
amount  of  water  intended  as  the  capacity  of  such  ditch,  canal,  or  reservoir  in  such 
decree.  Said  court  shall  further  order  that  each  and  every  party  interested  or 
claiming  any  such  ditch,  canal,  or  reservoir  shall  receive  from  the  clerk,  on  pay- 
ment of  a  reasonable  fee  therefor,  to  l)e  fixed  by  the  court,  a  certificate,  under  the 
seal  of  the  court,  showing  the  date  or  dates  and  amount  or  amounts  of  appropria- 
tions adjudged  in  favor  of  such  ditch,  canal,  or  reservoir,  under  and  by  wtue  of 
the  construction,  extension,  and  enlargements  thereof ,  severally;  also  specifying 
the  number  of  said  ditch  and  of  each  priority  to  which  the  same  may  be  entitled 
by  reason  of  such  construction,  extension,  and  enlargements. 

Copy  of  decree;  authority    „?,?Su^Jl%]?l*^L^L*^±^tI^*^«^^^^ 
^«o>n.^:ao4AJ»».  ^^^^w.A     exniDit  the  same  to  the  water  commissioner  of  the 

?«i?^^.v?  n^iH  Jnnf  district  whcu  he  commcuces  the  exercise  of  his 

mg,  copy ,  eyiuence.  duties,  and  such  water  commissioner  shall  keep  a 

book  in  which  shall  be  entered  a  brief  statement  of  the  contents  of  such  certificate, 
and  which  shall  be  delivered  to  hi^  successor,  and  said  certificate,  or  statement 
thereof  in  his  book,  shall  be  the  warrant  of  authority  to  said  water  commissioner 
for  regulating  the  flow  of  water  in  relation  to  such  ditch,  canal,  or  reservoir. 
Said  certificate  shall  be  recorded  at  the  same  rate  of  charges  as  in  cases  of  deeds 
of  conveyance,  in  the  records  of  each  county  into  which  the  ditc^x^  ^lasoai^^^s?. 
reservoir  to  which  such  certificate  relates  BbaW.  e3^«ixdL\  «w\i^  ^«JA  <y6T>C\Si.v»X»>^st 
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Haid  rf^cord  thereof,  or  a  duly  certifi(Ml  copy  of  gnch  record,  Hhall  be  prima  fecie 
evidence  of  ho  mnch  of  Haid  (lecree  aH  Hhall  be  recited  therein,  in  any  irait  or  pro- 
ce<^linK  in  wliich  the  same  may  Im)  relevant. 

r\^^ir  ....Kifuk  nA4i«A.  .*AM*       Sec.  3405.  Notice  Bhall  be  f^ivenbythe  clerk  of 

^ln«v    f  ?i ll?p«  !r^^^  «^<1  court  of  the  time  bo  appointed,  by  publiahiiiff 

ZJlVi  lX?^!^«S  ^    tbe  «a°^«  i^^  *>««  public  newiii«i)er  in  auch  coimiS 

party  petitioning.  .^^^  ^j^.^j^  su^h  water  district  may  extend,  which 

notice  Hhall  Ikj  ho  ])ubliHhed  in  Huch  pai)er  once  in  jach  week  until  four  BUcceflsiTe 
weekly  publications  nhall  have  lieen  made,  the  last  of  which  Hhall  be  on  a  day 
pre\iouH  tr)  the  day  apiK)inted  an  aforesaid.  Said  notice  shall  contain  a  copy  of 
said  ordiT,  and  shall  notify  all  {lerHons,  assoctiations,  and  corporations  interested 
as  owners  in  any  ditch,  canal,  or  reservoir  in  such  water  district  to  apiiear  at  said 
court  at  the  time  so  apiN>iutiHl  and  file  a  statement  of  claim,  under  oath,  in  case 
no  st^itemeiit  has  Inh^u  i)efore  filed  by  him,  her,  or  them,  showing  the  ditch,  canal, 
or  reservoir,  or  two  or  more  such,  in  which  he,  she,  or  they  claim  an  interest, 
together  with  the  names  of  all  owners  thereof,  wliich  statement  umy  be  made  by 
any  onc^  of  the  owners  of  siich  ditch,  canal,  or  reservoir,  for  and  in  i)ehalf  of  ail; 
and  also  that  all  jH^rsonH  interested  as  owners  or  consumers  ma^  then  and  there 
present  his,  her,  or  their  pr<H>fs  for  or  ap^aiust  any  priority  of  n^^ht  of  water  by 
appropriation  soii^ht  to  Ik?  shown  by  any  iwirty  by  or  throuKh  any  such  ditch, 
canal,  or  reservoir  (either  as  owner  or  ccmsumer  of  water  drawn  therefrom) ,  Ten 
printed  copies  of  said  notice  shall  he  iK>st^Hl  in  su(^h  water  district  not  less  tliail 
twenty  days  Ixyfore  the  day  so  ap^Knnt^nl,  which  coi)i<»s  shall  be  so  iKisted  by  the 
l)arty  or  parties  moving  the  adjudication. 

i>«*A«kf  «f  »i.i»ii«M.«iikii.  «f  Sec.  240<J.  Pr<H)f  of  the  pn)per  publication  of  said 
Z?Iuut  riVii  !m^^^^  hv  '^^>ti^'^  or  "otictjs  in  sai<l  publi<;  imiimts  shall  coniiist 
Fierk        ^      '         ^  ^    in  wn^-h  case  of  the  sw<»rii  crrtifiwite  of  the  publisher 

of  such  newspaper,  showing?  the  ])ublicati<m  to  have 
l»een  made  in  accordamw  with  the  ^irovisions  of  si'ction  tlmM?  nf  this  aet,  which  oer- 
tiii(tate  shall  bt»  prcntured  by  the  ^Mirty  or  iMirtit's  iiioviiiK  thti  iuljudication,  at  his 
or  their  exiM'iise,  and  (m  sai*!  c<»rtificate  l)ein^  tiltMl  with  th<»  clerk,  shall  enter  the 
amount  of  the  print<T's  fee  therefor  as  ciists  udviinctKl  by  the  party  ^ircKniring  the 
same,  wliich  sum  shall  1m>  couiit^Ml  to  his,  h(T,  or  their  cn^lit  in  distributi<m  of 
costs.  Proof  of  the  iM)stinK  of  siiid  ])riiited  copies  shall  be  made  ])y  the  affidavit 
of  some  (Tedible  person,  certifitnl  to  \h*  such  by  the  clerk  or  other  onicer  adminis- 
tf^rin^  th<'  oath,  showing  when,  where,  and  liow  sjiid  <M»j»ieH  wore  ]M>sted. 
NotleeH  Herveil  on  r11  imr-     ,  »Kt  • -«<>7.  Theparty  ..r  parties  moving  such  adju- 

hv  mill       ^^        '  th(»  notice  aforesiiid,  published  as  aforesaid,  to  be 

n)  niaii.  nerved  on  every  iH-rsoii.  assiKriation,  or  corrxiratioil 

shown  bv  the  stat^^ment  of  claim  on  file,  as  provid<»d  in  sertion  one  hen»of;  which 
sei'\'ice  sliall  1m«  made  within  ten  days  from  tiie  time  of  the  first  jniblication  by 
tlie  clerk,  by  any  <'nMlible  pers<»n  <*ertifi«'d  by  siiid  clerk  or  referee  to  1m»  su(^h,  by 
delivering;  such  <u>py  as  aforesaid  to  the  iH»rs«»ii  to  1m*  served,  if  HUch  i)er8on, 
by  due  diligence,  can  Ik*  found  in  the  I'ounty  <»f  his  residence.  If  .siieh  iM*rs<m  caa 
not  be  found,  as  aforesaid,  then  by  leaving  such  copy  at  his  or  her  usinil  place  of 
reHidence,  if  he  or  she  have  such  residence,  in  charK**  of  noine  person  of  the  age 
of  fourteen  years  or  over,  there  residinjf:  and  on  any  coriMn-at ion,  by  delivering 
the  eopy  to  the  president,  or  vice-president,  or  secretary,  or  treasurer  th<*reof,  or 
the  manager  or  suiK'rintendent  in  charj^e  of  their  ditch,  canal,  or  reser^'oir,  or 
authorized  a^ent  or  attorney,  or  by  leaving;  such  co])y  at  the  office  ar  usual  place 
of  business  of  such  con>oration ;  and  the  proof  of  such  service  nhall  1m;  made  by 
affidavit  of  the  iH»rson  or  jH^rsons  serving;  said  cox)ics,showiiJK  wlieii  and  howsncn 
s(^r\ice  lias  Imh'U  made  <m  such  party.  In  cjiS(»  of  ]»arties  not  servf'd  in  any  manner 
as  aforesiiid,  the  ch»rk  shall  deiK)sit  in  the  post-offi<'e.  duly  enclos«Ml  in  an  envelope, 
A^ith  the  xiro^MT  jJostaKc  stamp  thereon,  a  t'opv  directed  to  the  address  of  such 
partv.  shown  m  the  statement  of  claim  aforesiiid,  filed  by  him  or  her  under  section 
(iiie  fier(M)f. 

n<w...<w>.  ^.-...^4  n..niKA^  oil  Sec.  24<)8.  The  court,  in  making  such  decree,  as 

ffi^s   n^^^^  aforesaid,  shall  numl.r  tlie  several  dit<'hes  ind 

hi;  II.«;rAfrl?^  ^'*i"»l«  "i  t^i^'   water    district,  (oiKtjminK  which 

IK  r  appropriauons.  adjudication  is  made,  in  (ronsecutive  order,  accord- 

in^  to  priority  of  appropriation  of  water  thereby  made  by  1  lie  <»ri^nal  construc- 
tion thereof .  as  near  as  may  Ix;,  lia\'in>^  reference  to  the  d}ite<if  each  detTee  as 
rendered,  and  alw)  numl>er  the  reservoirs  in  like  manner  separately  from  ditches 
and  canals,  and  shall  further  immlMT  eacli  several  jn)i>roi)riati«»n  of  water  con- 
s<'<-utively.l)e|^inninK  ^vitll  the  oldest  ai)])ro]>riation,  without  re^]M»et  ti>thedit<'hes 
or  rvHer\'oirH  by  means  of  which  such  awroviTAtioub  Nvvitvi  ma^dv:*,  vrhitthMr  Huch 
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appropriations  shall  have  been  made  by  means  of  construction,  extension,  or 
enlargement,  which  number  of  each  ditch,  canal,  or  reservoir,  together  with  the 
number  or  numbers  of  any  appropriations  of  water  held  to  have  been  made  by 
means  of  construction,  extension,  or  enlargement  thereof,  shall  be  incorporated 
in  said  decree  and  certificate  of  the  clerk,  to  be  issued  to  the  claimants,  as  pro- 
vided in  section  one  of  this  act,  so  as  to  show  the  order  in  priority  of  such  ditch 
or  canal,  and  of  such  reservoir,  and  also  of  such  successive  appropriation  of 
water  pertaining  thereto,  for  the  information  of  the  water  comnussioner  of  the 
district  in  distributing  water;  such  numbering  to  be  as  near  as  may  be  having  ref- 
erence to  date  of  decrees  as  rendered. 

wi.4^n  «/vn^  «.«^  o»»4^fn^  Sec.  2409.  If  for  any  cause  the  judge  of  said 
iLf«,.rr!^  whS  ZofSl^i  conrt  shall  deem  it  impracticable  or  ineipedient  to 
rereree ,  wnai  rererrea.      proceed  to  hear  such  evidence  in  open  court,  he 

shall,  instead  of  the  order  mentioned  in  section  four  of  this  act,  make  and  cause 
to  be  entered  of  record  an  order  appointing  some  discreet  person  properly  quali- 
fied a  referee  of  said  court,  to  whom  shall  be  referred  the  statement  of  claim  afore- 
said on  file  in  said  matter,  the  matter  of  taking  evidence  and  reporting  the  same, 
making  an  abstract  and  findings  upon  the  same,  and  preparinjOf  a  decree  in  said 
adjudication;  and  also  in  the  case  of  any  water  district  in  which  a  referee  has 
been  heretofore  appointed,  and  evidence  taken  by  him  under  the  provisions  of 
this  act,  the  title  of  which  is  recited  in  section  four  of  this  act;  such  evidence  so 
already  taken,  together  with  the  abstract  thereof,  and  report  to  the  referee  who 
took  the  same,  shall  be  also  referred  to  said  referee,  to  be  appointed  as  aforesaid, 
and  he  shall  proceed  with  his  duties  as  hereinafter  provided,  first  taking  an  oath  • 
of  office,  such  as  is  re<][uired  to  be  taken  by  referees  in  other  cases  under  the  pro- 
visions of  the  code  of  civil  procedure. 

V  a#a*aaVo  n^i^i^^.  ^^»4^..4o .  Sec.  2410.  Said  referee  shall  prepare  and  publish 
hni  tnwttj  f ""^^fi™ J  a  notice  containing  a  copy  of  th^order  appoint- 
?m!li»r  '  VoMng    ing  him,  in  which  notice  fie  shall  appoint  a  feme  or 

copies.  times,  and  place  or  places,  suitable  and  convenient 

for  the  claimants  in  such  water  district,  at  which  he  will  attend  for  the  purpose 
of  hearing  and  taking  evidence  touching  the  priority  of  right  of  the  several 
ditches,  canals,  and  reservoirs  in  said  district,  and  notifying  aU  persons,  associa- 
tions, and  corporations  interested  as  owners  or  consumers  of  waters  [water]  to 
attend  by  themselves,  their  agents  or  attorneys,  at  the  times  and  places  appointed 
in  said  notice,  and  notifying  such  owners  to  then  and  there  file  a  statement  of 
claim  in  case  such  statement  has  not  already  b^n  filed  under  the  provisions  of 
section  one  hereof,  such  as  mentioned  in  section  six  hereof,  and  present  their 
proofs  touching  any  priority  of  right  claimed  by  them  for  any  ditch,  canal,  or 
reservoir  in  said  district,  which  notice  shall  be  published  in  the  same  manner 
and  times,  and  in  all  respects  according  to  the  provisions  for  publication  of  news- 
pax)er  notices  mentioned  in  section  six  of  this  act,  and  proof  of  such  publication 
shall  be  made  in  same  maimer  as  is  provided  in  section  seven  of  this  act;  and  he 
shall  also  post  ten  or  more  printea  copies  of  such  notice  in  ten  or  more  public 
places  in  said  district,  which  copies  shall  be  so  posted  at  least  twenty  days  before 
the  time  of  commencing  to  take  such  evidence. 

i>»^^#  -n>#  ,.^c4^t»»  »^4t«^c  Sec.  2411.  Proof  of  the  posting  of  said  copies 
Proof  of  posting  notices,    gj^^^  ^  ^^^  ^^  affidavit  5f  sail  referee  or  o&er 

person  certified  by  him  to  be  a  credible  witness,  which  shall  show  when,  where, 
and  how  the  said  copies  were  posted,  and  shall  be  filed  by  him  with  his  report. 
i>»/vA4^4^^fn«.a  i^^r^»^  -«#        Sec.  2412.  Said  referee  shall  attend  at  the  times  and 
^^e^torLr^^^  P^^^«  mentioned  in  his  said  notice  for  the  purpose 

^^llJ^J^irLV^tA^J^^^'    therein  mentioned,  and  all  persons  or  associations 
wno  may  offer  evidence,    choosing  to  do  so,  and  being  interested  as  owners  of 

or  consumers  of  water  from  any  ditch,  canal,  or  reservoir  in  said  district,  and 
may  also  attend  by  themselves,  their  agents  or  attorneys,  before  said  referee,  at 
some  one  or  more  of  said  times  and  places  so  appointed,  and  shall  have  the  right 
to  offer  any  and  all  evidence  they  may  think  advisable  for  their  interests  in  the 
matter  to  be  adjudicated,  as  well  m  districts  in  which  evidence  has  been  heretofore 
taken  as  in  other  districts.  All  such  evidence  as  has  been  heretofore  taken,  if  any, 
in  such  district,  shall  be  kept  present  by  said  referee,  subject  to  inspection  by  any 
party  desiring  to  examine  tne  same  for  purposes  of  the  investigation. 
i>AWA*a  Anil  itn^iAd  ^t  Sec.  2413.  Said  referee  shall  have  power  to  administer 
r7ft»p««?  hno^^^  ^**^  ^  *^  witnesses  and  to  issue  subpoenas  for  wit- 

■•A^tArda    oviHtttino      nosscs  and  subpcenas  duces  tecum,  which  subpoenas  may 
recoras ,  eviaence.     y^  served  by  any  party  or  constable,  or  sheriff  or  deputy 
sheriff,  and  may  re<juire  witnesses  to  appear  at  botj  ol  \Jafe^"aR,^%  vwy^">^oJ^j^>s^ 
said  referee  for  taking  evidence.    He  anaSl  peniaV.  «SV  -m^j^i^^Rfc^  \si  \«k  ^^rKKasccos^ 
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by  tho  pftrti(»s  calling  them,  rcapoctively,  and  to  Ix?  cnws-oxaminod  by  anv  party 
iuterest('cl,  and  h«>  8hall  tiike  all  tOHtiniony  in  writing  and  note  all  objectiona 
offered  to  unv  luirt  of  tho  testimony  tak(*n,  with  the  canno  aHsigned  for  the  objeo- 
tion,  and  Hluiil  prtK^etnl  in  all  other  re8|)ectH  as  in  ciise  of  taking  depositions.  He 
shall  certify  all  Ixxtkn  and  i)a]HfrH  offere<l  by  any  one  in  his  own  beoalf,  and  pre- 
fierve  them  with  the  ti^stimony  offered  concerning  the  Name,  and  in  case  of  books 
and  i)ai)erH  offered  m  evidence?,  which  shall  not  1m»  under  the  contn>l  of  the  party 
desiring  the  evidence)  for  which  such  books  may  l>e  offercHl,  said  referee  shall  niiike 
a  true  copy  of  the  i>artH  di>manded  and  certify  the  same,  and  preserve  the  same, 
together  with  the  evidence  <>ff(*n*d  concerning  tho  same  and  concerning  said  books 
and  iiaiM^rs,  as  part  of  the  evidence  in  the  matter. 

Refusal 

or  papers; 


1 


Firs,  as  pan  or  tiie  evidence  in  tne  matter. 

4.K  »*^^„«4.K^<..ua       Hw.  2414.  No  iM'THon,  asmK^iation.  or  corporation 
«  eii .  «"lfrrl  willfully  refusing  ti .  oroduce  any  lK>*)k  or  i»per.  if  in 

apers ,    neci..  ^^-^^  ^^^  their  iM)wer  in  ao  ho,  when  rightfully  demanded 

for  exainiimtion  and  copying,  shall  1)oa1low«Ml  the  Imnefit  of  any  testimony  or 
)r(H>fs  in  his,  her, or  their  lM>ha1f,  in  making  fiiml  luljudicration,  if  the  conrt  shall 
M^  siitisfinl.  from  all  the  evidence  shown  concerning  such  refusal,  that  the  same 
was  willful. 

ivi...i  f..-.«u  i..  K^  «u^...*4..i..»<i  ^f^'-  '-^  *  *•"»•  *^"*^  referee  shall  also  examine  all  wlt- 
\niuifaetstobeaw^  ,^,^.„  ^,,  ,^i^  ^^^.„  satisfju-tion  touching  any  point 

*  1  involved  in  thtj  luatter  in  quwtion.  and  shall  ascer- 

tain, Jis  far  as  iM>ssib1e,  the  dat^^  of  the  c<ininiencement  of  eatrh  ditch,  canal,  or 
reserv(rtr,  with  the  original  size  and  carr\ing  (^aiNu;ity  t]ien»of,  the  time  of  the 
commencrenieiit  of  eju-h  enlargement  thenM)f,  with  the  in<'re;iHe<l  carrjing  capacity 
thenO>y  (NH^iisioned,  tli(*  length  of  time  s^u'iit  in  such  cnnstrudioii  or  enlargement, 
the  dihgen<'e  with  which  tli»»  work  was  pros^n-uttMl,  the  nature  of  the  work  as  to 
difficulty  of  construction,  and  all  such  oiiuT  Im'ts  tis  may  tend  to  show  complianoe 
"with  tlu;  law  in  retpiiring  the  priority  of  riglit  claimed  for  sucli  ditch,  canal,  or 
reservoir;  and  upon  all  the  fjicts  so  obtained  shall  ]m»  determined  the  relative 
prii»riti<*s  among  the  s<'veral  ditclies.  canals,  anil  rcs«*rvoirs,  tlie  volume  or  amount 
of  water  lawfully  ai>i>ropriated  ])y  eiwli,  as  well  jis  by  means  of  tht»  constmction, 
as  by  tlu^  (enlargements  thereof,  and  the  tinu*  when  eju*h  such  sevenil  appropria- 
tions took  effect. 

iita4....Ki..«r  »..i.iwwwii..<rd.  SK^'.^lir*.  Kvcry  jMTson  pres<'nt  lx»for<*  sjiid  referee 
DiHiiirbIng  prm^^^^^^  ,^^  ^,,^,  ^.,,^,,  ,,.,„•/,,,,  ^,,,,»,i  i,.  ^iigaged  in  hearinp 

p<iiaii).  testimony,  who  shall  willfully  disturb  the  ])roc€«ed- 

ings:  and  every  iM«rson  who  shall  willfully  refuse  «)r  negh'<*t  to  oln'y  any  siib- 

iMcna  issueil  by  said  referei'.  when  Ijis  lawful  fi'es  shall  Im'  tendiTi'd  him  for  his 

at.ten<liince  iM'fore  the  refere<».  shall  be  guilty  of  cont4>mpt  of  the  court  apiN)iiiting 

such  refere(\  and  on  complaint.  undtT  oath,  of  the  refeni'  <»r  other  ]HTson.  Iwfore 

the  said  district  court,  or  judge  1hen*of  in  vacation,  may  Im-  brought  l.H.'fore  the 

courl  or  judge  and  dealt  with  Jur(rordingly. 

FeeMnfuMiieMMe^*  bv  whom  SKi'.LMI?'.  Kvery  witness  wh<.  simll  attend  l>efore 
rtiSor^HliMSS  s,  I)}  Whom     ^^.^^  referee    under    suhiMena    by  rcpieNt.  of   any 

"  narty  shall  Im*  entitleil  to  11n»  sjinu*  f^'S  and  mile- 

age jis  witnt?sses  lM»fon<  the  oistrict  court,  iti   the  cuunty  in  which  he  shall  BO 
atti'ud,  atid  sliall  Im*  paid  by  tin*  i»arty  re(|uiring  his  testimony. 
n.iH.^u   «r   ..<.r.>..«w..    ..|.>.i.4w        Sr.(?.\MlH.  The  said  referi»e  sliall  take  all  the  t<»fltl- 
r      .Vi  w    f^^^V  .ll„„.f   1      "»'»"V  r^ffered,  and  for  that  ]ninH»se  .sluill  giverea- 
of  larnes:  ndjouriiiiieiil :    ^,,^.^i,,^,  <.piH,Hunity  to  all  parties  to  be  heard,  and 

may  at  any  ])hwe.  when  tlu'  time  limited  thereat 
shall  expin',  jwljouni  th»?  further  taking  of  testimony  tln-n  proposed  or  de'sirtnl  to 
1m»  offiTi'd  to  tln^  iii'xt  jdjuM'  in  order,  aceordin;^  to  his  i»ublishiMl  ap]H>intment8, 
and  at  the  last  pl:uM*  may  coTitinut^  UTitil  all  t^.'stimony  shall  he  taken,  or  make 
further  apiMiintnient  at  any  former  place  <»r  jdaces  as  may  seem  best  and  most 
<'onveiiient  for  all  parties,  giving  reasr»nable  notice  thereof. 

»..r.,...w.  MI...11  Av»...i»i^  till        Skc. 'JIM».  Siiid  referee,  ui>on  closing  the  testi- 

.^^n   un  ?m  iLVh,  J      '""">'*  »»»*^"  V*^***'^'*!  to  carefully  examine*  tlu.  Wiine, 

il^AU.^^^^^  together  wit^i  all  testimony  anil  pnn.fs  which  may 

findings:  decree;  report.    ,j,f,.,,  ,,^.,j  h.^retofon-  taken  by  any  former  refert« 

in  thi*  siinu'  distric't,  if  any  such  shall  have  lH*en  taken,  un<ler  the j)rr»visions  of 
sjiid  act,  the  tith;  of  which  is  re<*it«*d  in  s<'ction  four  of  this  act.  lie  shall  make 
an  abstract  < »f  all  tin;  testimony  and  proofs  in  hisiM>ssession  concerning  ea<'h  ditch, 
canal,  and  reservoir  sepairately,  an<r  shall  numlN*r  each  ditch  an<l  canal  in  order, 
and  likewise  each  reservoir,  eju'h  chiss  cons#N"Utively.and  also  number  thes<»veral 
a]>propriations(»f  water  shown  by  th(*evidenc4*.all  in  mainierand  f»>rni  as]>rovide«l 
in  section  nine  heri'of;  and  shall  makeaseparate  finding  of  all  thef;u-tscoTmected 
nn'th  ouch  tlitrh,  canal,  and  n*ser\*oir  toncUiin;  wYuviYv  vnAvVviwviv^  v\\v\\  Vanv,  \^>»jtt\i 
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offered;  and  he  shall  prepare  a  draft  of  a  decree  in  accordance  with  his  said  find- 
ings, in  substance  the  same  as  the  decree  mentioned  in  section  four  of  this  act,  and 
conformable  also  to  the  provisions  of  section  nine  hereof,  so  far  as  the  same  are 
applicable,  which  decree,  so  prepared  by  him,  shall  be  returned  with  his  report  to 
the  court;  and  he  shall  file  his  report,  with  said  evidence,  abstract,  and  findings, 
and  said  decree  with  the  clerk  of  the  court  and  inform  the  judge  of  so  doing 
without  delay. 

vnino.  ..A«^A«.4.  ^Aww^  «-«.  Sec.  2420.  Upon  the  filing  of  said  rei)ort  the  court, 
!•  iliuff  report;    court  pro-         .  ^  thereof  in  vacation,  shaU  cause  an  orde^ 

rpi^«.*an«^^^^^     In     to  fie^tered  setting  some  diy  in  a  regular  or  spe- 
ceptions;   approval;   en-    cial  term  of  court  ai  soon  as  nracticable,  when  ^ 

J^'  court  shall  proceed  to  hear  and  determine  the  report , 

at  which  time  any  party  interested  may  appear  by  himself  or  counsel  and  move 
exceptions  to  any  matter  in  the  findings  or  decree  made  bv  said  referee;  and  after 
hearing  the  same  the  court  shall,  if  the  decree  reported  be  approved,  cause  the 
same  to  be  entered  of  record,  or  otherwise,  such  modifications  thereof  or  other 
decree  as  shall  be  found  just  and  conformable  to  the  evidence  and  the  true  intent 
of  this  act,  and  to  so  much  of  any  and  all  former  laws  of  the  State  as  sh^  be 
adjudged  consistent  therewith. 

Vaiini-A  ii^  i^iTaw  Aviii^nna  •  Sec.  2421.  No  cUum  of  priority  of  any  person, 
wi  w  «^«  SLi««?^  -iTJ  association,  or  corporation  on  account  of  anyditch: 
water  commissioner  dis-    ^anal,  or  reservoir^  to  which  he,  she,  or  they  shall 

!;«??Ir'*AV*'i/;i^'!iil^^^^  ^«^X    have  failed  or  refu'sed  to  offer  evidence  undJr  any 
RillL?  «it«ii^^I  adjudication  herein  provided  for  or  heretofore  pr(i- 

present  tertmcate.  ^^^  ^^^  l^y  ^^^  ^^^  ^^^  ^^^^^  ^f  ^^nch  is  recited  in 

section  tour  hereof,  shall  be  regarded  by  any  water  commissioner  in  distributing 

water  in  times  of  scarcity  thereof  until  such  time  as  such  party  shall  have,  by 

application  to  the  court  having  jurisdiction,  obtained  leave  and  made  proof  of  the 

priority  of  right  which  such  ditch,  canal,  or  reservoir  shall  be  justly  entitled, 

which  leave  shall  be  granted  in  all  cases  upon  terms  as  to  notice  to  other  xxarties 

interested,  and  upon  payments  of  all  costs,  and  upon  affidavits  or  i)etitions  sworn  to, 

showing  the  rights  claimed,  and  the  ditches,  canals,  or  reservoirs,  with  the  names 

of  the  owners  thereof  against  which  such  priority  to  such  ditch,  canal,  or  reservoir 

has  been  entered,  and  certificate,  such  as  mentioned  in  section  four  hereof,  shall 

have  been  issued  to  clsdmant  and  presented  to  the  water  commissioner. 

Df»i.4a  ^r  ^....^s^o  ««.«i»a4       Sec.  2422.  Every  party  interested  shall  have  the 

I?  fIL«  f.V^  «i2i«^  ^f.     right  to  complain  to  the  court  of  any  act  of  willful 

[irPRslL.    JtP  ^^^^^     ^'    ^^gl^*^  «^  oppression  on  the  pari;  of  the  said  referee, 

pression,  eie.  ^^^  exercising  his  powers  under  this  act,  whereby 

such  party  shall  have  been  aggrieved,  either  by  refusal  of  said  referee  to  hear  or 
take  evidence  offered  or  by  preventing  reasonable  opportunity  to  offer  such  evi- 
dence; and  the  court  may  order  such  proceedings  in  the  premises  as  will  give 
redress  of  the  grievance,  at  the  cost  of  said  referee,  if  he  appear  willfully  in  fault; 
otherwise  in  case  of  accident  or  mistake  costs  will  be  awarded  as  to  the  court 
shall  seem  just. 

i>^»,^«^r..^..«4  *..^«,ir^  «..«♦        Sec.  2423.  The  district  court,  or  judge  thereof  in 
^«fL      ?«i«     ^««?JlIlfi    vacation,  shall  have  the  power  to  make  all  orders 
[ih«pillv  «»»»iruea    ^^^  ^^^^  consistent  with  this  act  which  may  be 

iiDeraiiy.  found  necessary  and  expedient  from  time  to  time 

during  the  progress  of  the  case  for  carrying  out  the  intent  of  this  act,  and  of  all 
parts  consistent  therewith  of  the  said  act,  the  title  of  which  is  recited  in  section 
four  hereof ;  as  well  touching  the  proceedings  in  court  as  of  the  acts  and  doings 
of  said  referee,  for  the  purpose  of  securing  to  any  party  aggrieved  by  the  acts  of 
said  referee,  or  any  proceeoing  of  the  court,  opportunity  for  redress;  and  this  act 
shall  be  construed  liberally  in  all  courts  in  favor  of  securing  to  all  i)ersons  inter- 
ested the  just  determination  and  protection  of  their  rights. 
D».«„  ,««„♦  «i«  «i„i,..  K«  Sec.  2424.  No  persons,  association,  or  corporation 
Party  must  file  claim  be-  representing  anyditch,  canal,  or  re^rvoir  shall  be 
fore  offering  evidence.  permitted  to  give  or  offer  any  evidence  before  said 
referee  until  he,  she,  or  they  shall  have  filed  a  statement  of  claim  in  substance  the 
same  in  all  respects  as  is  requii'ed  to  be  filed  imder  the  provisions  of  section  one 
hereof. 

i>^«.»..».»»f    ..«^i^«r.  is«.         Sec.  2425.  The  district  court,  or  judge  thereof  in 
Keargument,  review ,  urn-    vacation,  shall  have  power  to  order  for  good  cause 
iiauon  iwo  years.  shown,  and  upon  terms  just  to  all  parties  and  in 

such  manner  as  may  seem  meet,  a  reargument  or  review,  with  or  without  addi- 
tional evidence,  of  any  decree  made  under  the  provisions  of  this  act,  whenever 
said  court  or  judge  shall  find  from  the  cause  shown,  lot  \,\i«A»^\vr5cy^\s^'«K^^'S«s?^ 
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or  i)artieH  feeling  aggrieved  that  the  ends  of  jnRtice  will  he  therehy  promoted;  bat 
no  Rnch  review  or  rcarguinent  shall  l)e  ordered  uiileKs  aiiplied  for  hy  petition  or 
otherwise  within  two  years  fn)m  the  time  of  enterinir  the  decree  comiilained  of. 
TeHtlmon  V  ^^^'  2426.  Whenever  testimony  shall  or  may  he  taken  in  any  dliB- 
xeBiimunjr.  ^^^  create!  hy  this  act,  for  the  purpose  of  pHx^uring  decree  as  to 
ai)i)ropriation  of  water  and  priorities  thereof  under  the  statutes  of  mis  State,  any 
testimony  theretofore  taken  hefore  any  former  referee  may  he  introduced  ana 
shall  be  received  as  evidence. 

Anneals  •  who  mar  aoiteal  •  ,.^^-  ^^^:  ^^^  party  or  parties  representing  Miy 
KmV^t -LnM^^  '^*^^'  ^'^S*^'  **"*  rw^^'^oirH,  or  any  party  or  parties 

il«i« .  TJiinV..  *^)!«SV  representing  two  or  more  ditches,  canals,  or  iwer. 

ditlims  '  '  volrH,whic&areaffecteilincommonwith4chother 

unions.  I^y  j^jjy  portion  of  such  deiTee,  by  which  he  or  she 

or  they  may  feel  aggrieved,  may  have  an  api)eal  from  said  district  court  to  the 
supreme  court,  and  in  such  casu  the  i»arty  or  imrties  joining,  desiring  an  appeal, 
shall  be  the  appellants,  and  theiMrties  representing  any  one  or  more  ditches,  canala, 
or  reservoirs  affecting  in  common  adversely  to  the  interests  of  anpellants  shall 
bo  the  appellees.  The  i>arty  or  parties  joining  in  such  apiwal  shall  nfe  a  statement 
in  writing,  verifie<l  by  affidavit  proi)erlv  entitled  in  such  cause  in  the  district 
court,  wliich  statement  shall  show  that  the  ai)i)ellants  (^laiiii  a  valuable  interest  in 
the  ditch,  canal,  or  res(>rvoir,  or  two  or  more  of  such,  which  are  affecte<l  in  com- 
mon with  each  other  by  some  i)ortion  of  said  doiTet!,  also  stating  the  name  or 
names  or  otherwise  the  description  of  the  siimc  and  tlie  name  or  iwuues  or  other- 
wise the  destrription  of  any  one  or  more  other  ditches,  canals,  or  reHer>'oirs,  which 
by  Biiid  decree  derive  undue  advantage  in  res|MH;t  of  i)ri()rity  as  against  that  or 
those  represent(Kl  Y)y  a^)i>ellants;  and  also  setting  forth  th«^  name  or  names  of  the 
liarty  or  }>arties  claiming  such  other  one  or  more  diU^hes,  canals,  or  reservoirs 
affect'Cd  in  common  by  said  decree  advers(;ly  to  the  int^Test  of  apm^llants,  and 
praying  that  an  apiM^al  Im;  allowed  against  such  other  parties  as  upiM'tlees.  If  the 
court  or  judge  in  va<*Atioii  on  examination  find  sncrb  statement  in  ticcordanoe 
with  the  statements  of  claim  filiMl  l)y  the  iiiirties  named  as  apiM*llees,  mentioned  in 
section  one  of  this  act,  he  shall  api)rove  the  siiuie  and  make  an  order  to  l)e  prepared 
and  presenteil  by  the  api)ellants  allowing  the  apiK*al  and  showing  the  name  or 
namt;s  c»f  the  api>ellants  and  apiiellecs,  with  tlu^  name  or  names  or  dewrription  of 
the  on(^  <»r  more  ditches,  c^mals,  or  reservoirs  claim* h1  by  theparty  or  mrties  appel- 
lant and  apiMjllee,  as  shown  by  their  several  statements  of  claim  file<las  aforesaid, 
before  the  taking  of  testimony,  and  fixing  t\u)  amount  of  Dm  a^>peHl  liond,  which 
bond  shall  be  exocutiKl  by  one  or  more  of  ai)iM*llants,  as  priiunpal  or  principalB, 
and  bv  sufficient  securities,  and  approvtul  by  the  couit-  <»r  judge  in  vm'ation,  and 
sludl  bo  c-onditirmed  for  the  pa^nnent  of  all  costs  which  may  In*  awarde<l  against 
the  api)ellants,  or  any  of  them,  in  the  suprenit^  court. 

r#i«ir  «f   #ii.<lnf  uAKvoil   />■!  »*^K('.  242H.  Th(?    order    last    aforewiid    shall   be 

JL^.J  !.»««.   ;r«MTJrii-.«.      «ntered  of  record  and  th.j  apiRllant  or  apiieUants 

postiug  copies,  proor.  eachof  theapptait.^es,  by  delivering  the  siime  to  him 

or  her,  if  he  or  she  may  l)e  found,  or  otherwise  serving  tli<^  same  in  maimer  the 
same  as  may  be  at  the  time  jirovided  for  serving  summons  from  the  district  court 
by  the  laws  then  in  force,  and  shall  also  cause  the  Kiid  order  t^)  b(>  pulHished  in 
the  siimt^  manner  as  the  notices  re<£uired  in  section  eleven  of  this  iwt,  and  proof  of 
the  publication  in  any  newspaper  shall  bt^  the  sam<;  as  in  csise  of  said  referee^Ei 
noti(r(s  and  proof  of  the  iM)sting  of  the  ten  print4Kl  copies  in  th»'  district  shaU  be 
by  affi(hivit  of  the  iwirty  lasting  tlie  same,  with  the  certificate  of  the  clerk  of  the 
district  court  ai)iK?akHl  from,  that  the  affiant  is  a  known  and  credibh;  ]M'rs(m. 

Tr»nH«.rinf  i<ihAfl1ni1  In  h\x  ^*'<'-  ^*^**-  '^'"'  ams'llaut  or  apiM'lhmts  shall  file 
«^!^«4hJ  Kill  7.5  -Iv««l!^  transcrii)t  of  record  of  the  distn<t  court  with  the 
moiitlis;    Dill    or  cxcop-    ^lerk  of  the  supreme  court  at  any  time  within  six 

m<mths  aft<*r  the  appeal  shall  1m?  uIIowimI  ha  afore- 
said. Only  so  much  of  the  dc»CT«H)  apxsjaled  from,  and  so  niucli  of  th«j  evidence  as 
shall  affect  the  approx)riations  of  water  chiinied  by  means  of  the  constmcticm  or 
reenlargement  of  the  several  ditches,  canals,  and  reservoirs  mentioned  in  the 
order  allowing  the  api)eal  need  be  copied  into  the  bill  of  exct^ptions. 
a„».»».A  ^^...4  ,^^^^A  .w«  Sec.  24ai.  The  supremo  court  in  all  cases  in 
^"J^rSo  nnT  jLriS  n^  rn  ^hich  judgim^ut  i«  rcnden.l  and  any  part  of  the 
I^o«S  !lfm.  i«r4^i«*L«a"  decree  appealed  from  is  reversed,  and  in  which  it 
mana  wan  insirnctions.    ^^^  ^^  nracticable,  sluill  make  such  decree  in  the 

matters  involved  in  the  apjieal  as  should  have  lH*en  made  by  the  district  court,  or 
direct  in  what  manner  the  decree  of  that  court  sliall  Ijo  amended. 
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vni«»  .v«^^r  -n.r  »^^^i^^  ^^a  S^c.  2482.  The  said  proof  of  the  service  and  pub- 

il^f«r®aiwC  Soil  ?  ^  lication  of  said  order  aUowing  the  appeal  shafi  be 

«2J^«  '«^«  5rL  ^^Ih^il'  filed  with  the  clerk  of  the  supreme  court  within  sixty 

preme  court  makes  rules,  ^y^  ^^j,  ^^^  making  of  raid  order,  and  if  not  so 

filed  the  supreme  court  shall,  on  motion  of  the  apx)eUee  or  any  of  the  appellees,  at 
any  time  after  such  default  in  filing  said  ^roof  and  before  the  said  ^roof  shall  be 
filed ,  dismiss  such  appeal,  and  if  the&anscnpt  of  record  be  not  filed  within  the  time 
limited  by  section  twenty-nine  of  this  act  such  appeal  shall,  on  motion,  be  dismissed. 
After  the  filing  of  the  record  and  proof  of  service  aforesaid,  the  cause  on  appeal 
shall  he  proceeded  with  as  the  rules  of  the  supreme  court,  or  such  special  rules  as 
said  court  may  make  in  such  cases,  and  their  order  from  time  to  time  thereunder 
may  require.  Said  court  shall  have  power  to  make  an^  and  all  such  rules  con- 
cerning such  appeals  as  mav  be  necessary  and  ezx>edient  m  furtherance  of  this  act, 
as  well  as  to  preparation  or  the  case  for  submission,  as  to  supplying  deficiencies 
of  record,  if  any,  and  for  avoiding  unnecessary  costs  and  delay. 
n/»n«.4  «.«v  jfa».iaa  -0^^*^^ .  0^0.  2438.  The  district  court,  or  judge  thereof  in 
^  v«ouf/v^  n?i  Jnn^JnV  vacatiou.iu  case  of  the  death, resi^affon, absence, 
menf  appoint-    or  other  disjibility  of  the  referee  hereby  provided  for, 

or  for  any  misconduct  in  him,  or  other  good  cause 
to  such  judge  appearing,  shall  appoint  such  other  properly  qualified  person  in  his 
stead  as  he  shall  deem  proper,  who  shall  proceed  without  aetay  to  perform  all  the 
duties  of  his  office,  as  herem  pointed  out,  which  shall  remain  unperformed  by  his 
predecessor  in  office. 

Knlin  ninfit  hn  hrnnirlit  In  ^^'  ^^^-  Nothing  in  this  act  or  any  decree  ren- 
flmr^ali.?.  inb,^^fi«««  ^ercd  uuder  the  provisions  thereof  shall  prevent 
[rwhlt Tils  .^^^^^^^^^  *^y  P«?^^'  associktion,  or  corporation  from  bring- 

IhSs  .      SSmmilsloner^B    ^""^  »^^  maintaining  any  suit  or  action  whatsoever 
tricts ,      commissioner  s    hitherto  aUowed  in  any  court  having  jurisdiction 

'  •  to  determine  any  claim  of  priority  of  right  of  water 

by  appropriation  thereof  for  irrigation  or  other  purposes,  at  any  time  within  four 
years  after  the  rendering  of  a  final  decree  under  this  act  in  the  water  district  in 
which  such  rights  mav  be  claimed,  save  that  no  writ  of  injunction  shall  issue  in 
any  case  restraining  tne  use  of  water  for  ii^gation  in  any  water  district  wherein 
such  final  decree  shall  have  been  rendered  which  shall  affect  the  distribution  or 
use  of  water  in  any  manner  adversely  to  the  rights  determined  and  established  by 
and  under  such  decree;  but  injunctions  may  issue  to  restrain  the  use  of  water  in 
such  district  not  affected  by  such  decree,  and  restrain  violations  of  any  right 
thereby  established;  and  the  water  commissioner  of  every  district  where  such 
decree  shall  have  been  rendered  shall  continue  to  distribute  water  according  to 
the  rights  of  priority  determined  by  such  decree,  notwithstanding  any  suits 
concerning  water  rights  in  such  district;  imtil  any  suits  between  parties  the 
priorities  between  them  may  be  otherwise  determined,  and  such  water  com- 
missioner have  official  notice  by  order  of  the  court  or  judge  determining  such 
priorities,  which  notice  shall  be  in  such  form  and  so  given  as  the  said  judge  shall 
order. 

kf*^^  f^^^  *<.«*«  a*.  I  4  Sec.  2485.  After  the  lapse  of  four  years  from  the 
Aiier    ^<>»^  J  ®  y  8    8  u  1 1    ^jjjj^g  Qf  rendering  a  final  decree  in  any  water  dis- 

trict,  all  parties  whose  interests  are  thereby  affected 
shall  be  deemed  and  held  to  have  acquiesced  in  the  same,  except  in  case  of  suits 
before  them  brought;  and  thereafter  all  persons  shall  be  forever  barred  from 
setting  up  any  claim  of  priority  of  rights  to  water  for  irrigation  in  such  v^ater 
district  adverse  or  contrary  to  tiie  effect  of  such  decree. 

Gi.oi-iir  n<u  anxvA  w,.i*  **!,♦  ^EC.  2488.  Nothing  herein  contained  shall  be  con- 
tain ihTZ.»,^fv  strued  to  authorize  any  sheriff  to  serve  any  writ 
siae  Ills  conniy.  outside  of  the  limits  of  his  own  county,  or  give  effect 
to  any  record  by  way  of  notice  or  otherwise  in  any  coimty  other  than  that  in  which 
it  belongs. 

FAPftnf  difttrirt  |.l«rV  •  hfiw         ^^^'  ^^^^  ^®  ^^^  ^^  *^®  ^^®^^  ^^  ^^  district 

««8  ^'^f^yuL^    l^JiA '  coTirt  for  a  service  rendered  under  this  act  shall  be 

auaiiea ,  paia.  ^^  ^y  ^^  counties  interested,  in  the  same  manner 

as  the  fees  of  the  water  commissioners,  upon  said  clerk  rendering  his  account, 
certified  by  the  district  judge  to  the  boards  of  county  commissioners  by  the  county 
or  counties  embracing  the  water  district  in  case  of  which  the  service  shall  have 
been  rendered. 
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^^\Zf\n^^^  eiiKiiiiH^r,  whc,  shalf  held  his  c^fflce  tor  the  term  c* 

«l.t.llm!^«.  u«iat!f.  Ar*?..    two  yettrH,or  until  hw  wicceHHor  Khali  be appcrfntecl 
b«i7d'  ^'  '    '""^  qualitiiKl.    The  Kovonior  may  at  any  time,  for 

cauMi  Hhown,  reinovo  wiid  Stati*  onKineer.  The  said 
State  eii^inoer  Khali  have  hiK  offlco  at  tlu)  Stiite  capitol,  in  Kuitjible  roomH,  to  be 
providiHl  for  hiiu  by  the  witcretary  of  Ktiitr,  wh(»  Khali  funiiKh  him  with  saitable 
fnmituns  iioKta^e,  and  hucIi  pro]K^r  and  ntn^oKKiiry  Kt^itionory.  lKK>kK,  and  instru- 
mentK  iw  are  rutpiired  t/»  In^Kt  enable  him  t^o  diKehar^e  thtt  dutieK  of  his  office.  He 
Khali  1m)  paid  a  wilary  of  three  thoiLsand  dollant  i>er  annum,  luiyablo  montUy  by 
the  SUittf  treaKurer,  on  warrantK  drawn  by  the  State  auditor.  The  said  atate 
engineer  Khali,  l)efore  entering  on  the  diK<;harge  of  his  dutieK,  take  and  snbBcribe 
to  an  oath,  Ix^fore  the  judgt;  of  a  Stat^)  court  of  record,  to  faithfully  iierform  the 
dutieK  of  hiK  office,  ana  file  Kaid  cuith  with  the  Ke<*ret4iry  of  Kttite.togetner  with  his 
official  Ixrnd,  in  the  iHMial  Kum  of  ten  thouKiind  dollarK,  Ksiid  iMmd  to  l)e  sigzied  by 
Kurt>tieH  api>rove<l  by  tlu^  K(>cretary  of  Ktiite  and  conditiont^d  uiKm  the  faithful  dia- 
cluirgeof  tiie  duties  of  hiK  office,  and  for  delivering  to  hiK  KucceKKor  or  other  officer 
authoriz(Ml  by  the  governor  t4>  receive  the  wime  all  mom^yK,  lM)okK,  instrumeata» 
and  other  proi>ertv  In^longing  to  the  State  then  in  hiK  iK>KKt*KKi<m  or  under  his 
trol,  or  with  wliicli  he  may  be  legally  chargeable  as  Huch  StJite  engini»er. 
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the  State  fn»ni  which  water  Ik  diverttnl  for  amy  puriK)Ke  and  compute  the  dia- 
charge  of  tlu^  Kanie.  He  kIuiII  also  collect  all  tUHM'ssiiry  data  and  infonnatioii 
regiirding  the  bniation,  size,  cost,  and  capacity  of  dams  and  reK«*r\'oirK  hen^ter 
to  Inj  constructed,  and  like  data  regarding  thefeiiKibilityan<l('con(»mic4il  constmo- 
tion  of  n^H<TVoirK  on  eligible  Kites.  (»f  which  litMnay  i»btain  information,  and  the 
useful  puriN)Kt^  to  which  the  water  from  tlu*  Kiime  may  1h'  ]»ut.  H(^  Khali  alsoodl* 
liHrt  all  <hita  and  information  regarding  th<*  snowfall  in  the  mountiiius  each 
w'jwon,  for  tin*  puriMme  of  predicting  the  probable  flow  of  water  in  the  streams  of 
the  State,  and  publish  tlie  same. 

Stttt4.  engineer  lo  have  gen-      ,^'''^-  -^^'^-  J***'  ^^t**^"/^^"*^''^  *^^"'^^  ^T""  ^™^ 
iVr^i  ;.i.«\.«r«  «f  »!!t^k  .  V/i     <'^wirg«;  «»ver  the  work  of  tln'  division  watiT  Kuiienn- 

?il«I.ir^L-  '  tendentsand    distrirt   water    commiKKioners,  and 

liiiin  reporiH.  ^^j^|j  f„r,,i^ii  |j,,,,„  ^^,jll,  .^n  ,1.^^^  aiid  infiirnmtion 

neccKKJiry  fnr  the  jjrojHT  and  intelligent  discliarge  nf  tlie  duties  of  their  <»fficeK,  and 
slmll  ri>(inin>  them  to  nrjiort  to  liim  at  suit abh*  times  their  oflicial  lU'ticms,  and 
HMpiire  of  th(>ni  annual  Ktatements  on  blanks  to  1h>  furnisheil  I)y  him  of  the 
amount  of  water  divert<Kl  from  tht»  public  streams  in  tlu'ir  resp<'<'tive  divisions 
and  districts,  and  such  otln^r  KtatisticK  as,  in  the  .iudgnu*nt  of  the  State  engineer 
will  1m^  of  )N>nefit  to  the  State. 

Atinninl  »  fhmiitv  In  iiioim.  ^^'^-  ^^^-'  '^^^^'  ^^•^^**  engineer  shall,  on  re<ineBt 
Appoint  a  ^^^V»^y  i«  ""^«^**-    „f  any  party  interested,  and  uu  payment  of  his  per 

diem  charges  and  reii.sonabli*  vx]M'ns4>s,  apiM>int  a 

deputy  to  measure,  compute,  an<l  Jiscei'tain  all  necM'ssjiry  data  nf  any  canal,  dam. 

res«*rvoir.  nr  other  cnnstru(rtion,iis  re«iuin'<lur  as  may  Im*  desired  to  establish  court 

decrees,  or  for  tiling  statemtints  in  comi>lianc4.'  with  law  in  the  county  clerk's 

records. 

1Vrfi»riii  All  iliilleH  iiniiiiMed        ^^'*''  ^■^^'^^-  '^**'-  ^^*^^*'  «'ngin(HT  sliall.  without  any 
I  Z  I    iii"^e^^^^^^^^^  oxtrapay  or  cominns^ition  beyond  the  sjilary  pro- 

upon  him ,  e\p«  nsi.H.         ^..^^^.^^  \^^  wK^tion  one  of  tliis  a<t.  i.erform  all  duties 

imiK)S4*d  uiHUi  him  by  law,  and  shall,  when  cal!e<l  uimhi  by  tlie  govern* ir.  give  his 
couiiH'l  and  wrvices  without  extra  pay  or  coniiN'nsiition  to  any  State  deiKirtmeut 
or  institution:  Proridrd,  hoirrrrr.  That  hi",  shall  1r*  jillowed  all  artual  traveling 
and  other  necessjiry  exiM'UKes.and  tlieiU'tiial  cost  of  j)reparing  necessiiry  mai>Kana 
drawings,  wliitdi  lu'tual  expenses  shall  be  paid  by  the  departnn,'iit  or  institutiou 
re<iuiring  Iuk  Kervices. 

i}<wiiiii-i»  ^kiirtiAffsi  ikr  <i  I i nil n«i  ^^'^'  *^^^^'  For  the  more  jiccurate  and  conven- 
ii(  qiiin,  ownere  m  uiicniK    j^.^^^  meaKurement  of  any  wati«r  appropriate<l  pur- 

I\Sr\   .  rilr^j.  I  Ji^         Huant  to  anv  judgment  or  decree  reiiden^l  by  any 
lain  a  nioaHiiriug  wMr.        ^.^^^^  estalJliKliing  the  claims  of  prif»rity  of  any 

dit<;h,  canal,  or  reservoir,  the  ownerK  thijreof  may  1mi  recjuired  l»y  the  Stat(*  engi- 
neer t^>  couHtruct  and  maintain,  under  tht^  KUpervisi<»n  of  the  Statt*  engin(»er,  a 
meiiKuring  weir  or  other  device  for  mejiKuring  the  flow  of  th«*  water  at  tin?  hewl 
of  HUch  ditch,  canal,  or  rew?rvoir,  or  aK  near  thereto  tis  pracrticable.  T\n*  State 
engineer  sliall  compute  and  arrange  in  tabulai*  torm  the  amount  of  water  that 
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will  iMiss  snch  weir  or  measnring  device  at  the  different  stages  thereof,  and  he 
shall  furnish  a  copy  of  a  statement  thereof  to  any  water  superintendents  or  com- 
missioners having  control  of  such  ditch,  canal,  or  reservoir. 

Unit  of  measuremeMt.    ,  JSS;^!;;34^^J1^°«!J11^^^^^  ^  '^^^l 

lations,  measurements,  records,  and  reports  the  cubic 

foot  per  second  as  the  unit  of  measurement  of  flowing  water  and  the  cubic  foot 
as  the  unit  of  measurement  of  volume. 

Waii^w  ^<k».nifaai/>«.Ai*a.  Sec.  2381.  There  shall be  ouc  Water  commissiouer 
«:. m  w .  i^  tll«i«*lH :  ^or  each  of  the  above-named  districts  and  for  each 
K«^l«.  t'arr«?"^ffi^  district  hereafter  formed,  who  shall  be  appointed 

bonds;  term  of  office.  ^    ^^^  governor,  to  be  selected  by  him  f^om  per- 

sons recommended  to  him  by  the  several  boards  of  county  commissioners  of  the 
counties  into  which  water  districts  may  extend;  and  the  water  commissioner  so 
appointed  shall,  before  entering  upon  his  duties,  give  a  good  and  sufficient  bond 
for  the  faithful  discharge  of  his  duties,  with  not  less  than  three  sureties,  in  a  sum 
not  less  than  one  thousand  nor  more  than  five  thousand  dollars,  the  amount  of 
said  bond  to  be  fixed  by  the  county  commissioners  and  approved  by  the  governor 
and  State  engineer.  The  commissioner  so  appointed  shall  hold  his  office  until  his 
successor  is  appointed  and  qualified:  Prornaedy  however ^  That  if  such  water  dis- 
trict shall  be  embraced  in  more  than  one  county,  and  the  several  counties  in 
which  such  water  district  is  situated  disagree  as  to  the  amount  of  the  bond  as 
herein  required  of  water  commissioners,  then  and  in  that  event  the  governor 
shall  fix  the  amount  thereof,  with  the  same  effect  as  though  fixed  by  the  county 
commissioners. 

i^..*„  ^9  «.»« ^«  ^»».«»t<.at^»         Sec.  2384.  It  shall  be  the  duty  of  said  water  com- 
^}1  .""^.^n^t  nS'^rh'S  J^oa-l    missioucrs  to  divide  the  water  in  the  natural  stream 
^^tp«  ^  ^^  streams  of  their  district   among   the  several 

»"^*"  ditches  taking  water  from  the  same,  according  to 

the  prior  rights  of  each,  resi)ectively,  in  whole-  or  in  part  to  shut  and  fasten,  or 
cause  to  be  shut  and  fastened  by  order  given  to  any  sworn  assistant,  sheriff,  or 
constable  of  the  county  in  which  the  head  of  such  ditch  is  situated,  the  head  gates 
of  any  ditch  or  ditches  heading  in  any  of  the  natural  streams  of  the  district,  wnich, 
in  a  time  of  scarcity  of  water,  shall  not  be  entitled  to  water  by  reason  of  the  pri- 
ority of  the  rights  of  others  below  them  on  the  same  stream. 
\HT  .^^^  #««  ^^».»o4i»  ,.««  Sec.  1.  Water  claimed  and  appropriated  for 
Water  for  domestic  pur-  domestic  purposes  shaU  not  b0  employed  or  used 
P        '  for  irrigation  or  for  application  to  lands  or  plants 

in  any  manner  to  any  extent  whatever:  Provided,  Tnat  the  provisions  of  this 
section  shall  not  prohibit  any  citizens  or  town  or  corporation  organized  solely  for 
the  purpose  of  supplying  water  to  the  inhabitants  of  such  city  or  town  from  sup- 

g lying  water  thereto  for  sprinkling  streets  and  extinguishing  fires,  or  for  house- 
old  purposes. 

Sec.  2.  Any  i)erson  claiming  the  right  to  divert  water  for  domestic  purposes 
from  any  natural  stream,  who  shall  apply  or  knowingly  permit  the  water  so 
diverted  to  be  applied  for  other  than  domestic  purposes,  to  the  injury  of  any 
other  person  entiUed  to  use  such  water  for  irrigation,  shall  be  deemed  guilty  of 
a  misdemeanor,  and  upon  conviction  shall  pay  a  fine  of  not  less  than  fifty  dollars 
and  not  exceeding  two  hundred  dollars,  in  the  discretion  of  the  court  wherein 
conviction  is  had.  Each  day  of  such  improper  application  of  water  obtained  in 
the  manner  aforesaid  shall  be  deemed  a  separate  offense.  Justices  of  the  peace 
in  their  several  precincts  shall  have  jurisdiction  of  the  aforesaid  offense,  suoject 
to  the  right  of  appeal  as  in  cases  of  assault  and  battery. 

,     , 4., «««„«„«„««  ^9       Sec.  1.  In  the  conveyance  of  water  rights  here- 

Irrigation ;  coiiveyance  of   ^^^  ^^^  ^^  ^^^^  g^4  i^  ^11  ^^^  ^^^^p^  ^1^^^.^ 

waier  rignts.  ^^iQ  ownership  of  stock  in  ditch  companies  or  other 

companies  constitute  the  ownership  of  a  water  right,  the  same  formalities  shall 
be  observed  and  complied  with  as  in  the  conveyance  of  real  estate. 

Approved  April  7, 1893. 
r..t»»«t»»     fl..«.r  rv#  »ro4^»       Sec.  1.  That  section  one  of  an  act  entitled  **An 
irrigation »  ««w  or  water    ^^  regulating  the  distribution  of  water,  the  super- 
in  aiicnes.  intendence  of  canals  or  ditches  used  for  the  pur- 

poses of  irrigation,  and  providing  a  penalty  for  the  violation  thereof,"  approved 
March  19,  1^7,  be  and  tne  same  is  amended  to  read  as  follows: 

Sec.  1.  Every  person  or  company  owning  or  controlling  any  canal  or  ditch  used 
for  the  puri>o8es  of  irrigation  and  carrying  water  for  pay  shall,  when  demanded 
by  the  users  during  the  time  from  April  1  to  November  1,  in  each  YeaI^kftss^^^ 
flow  of  water  therein,  so  far  as  may  be  reasonably  pTae\\vi^\^  lot  \Jaa  ^xix^iQ«»  <2!t 
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irrip;ation,  snfficient  to  meet  the  requirements  of  all  such  persons  as  are  propeAr 
entitled  to  the  nse  of  water  therefrom,  to  the  extent,  if  necessary,  to  wmdh  radn 
persons  may  be  entitled  to  water,  and  no  more:  Provided,  however.  That  wltoa* 
ever  the  rivers  or  public  streams  or  sources  from  which  the  water  is  obtained  §ae 
not  sufficiently  free  from  ice,  or  the  volume  of  water  therein  is  too  low  and  in»dt» 
quate  for  that  purpose,  then  such  canal  or  ditch  shall  be  kept  with  as  full  a  flow 
of  water  therein  as  may  be  practicable,  subject,  however,  to  the  rights  of  pffioii- 
ties  from  the  streams  or  other  sources,  as  i)rovided  by  laWj  and  the  ueceBAtj  oi 
cleaning,  repairing,  and  maintaining  the  same  in  good  condition. 
Approved  March  25, 1898. 


WATER-RIOHT  F0RM8  USED  DT  COLORADO. 

No.  1. 
Form  of  statement  of  claim  for  priority , 

State  op  Colorado,  County  of sa: 

In  the  district  court. 

In  the  matter  of  the  adjudication  of  prioritieK  of  water  rights  in  water  distriol 
No.—. 

The  undersigned  hereby  makes  statement  of  claim  in  the  above^ntitled  jnmHt&t 
for  the  purpose  of  securing  the  benefits  of  the  proviKioiiH  of  the  law  of  the  Stetd 
of  Colorado  in  relation  to  the  adjudication  of  priorities  of  water  rights,  and  states: 

First.  That  he  is  the  owner  or  the  ditch  ((^anal  or  reservoir)  hereinafter  Tiwnftffd 
and  described,  and  situated  in  said  water  district  No.  — ■;  that  his  full  name  Is 
,  and  his  i)ost-office  address  is . 

Second.  The  name  of  said  ditch  (canal  or  reservoir)  is  the . 

Third.  The  head  gate  of  said  ditch  (canal  or  feeder  for  said  reservoir)  is  loosted 

on  the bank  of ,  from  which  natural  stream  said  ditch  derives 

diverts  its  supply  of  watf^r,  at  a  ix)int  whence  the comer  of  section  — ,  T. 

R.  — ,  bears feet. 

Fourth.  From  said  head  gat<i  said  ditch  runs  in  a  general direction 

tance  of feet,  thence  (etc. ,  desc^ribing  the  general  course  of  the  ditch  or  feeder). 

Fifth.  The  length  of  said  ditch  is ;  its  width  in fe<?t  at  the  bottom       " 

feet  at  high-water  line;  the  deptli  of  water  carried  by  said  ditch  is 

its  ^ade  is feet  iwr  mile. 

Sixth.  The  carrying  capacity  of  said  ditch  (or  feeder)  is cubic  feet  peri 

ond  of  time.     (The  capacity  of  siiid  reservoir  is cubic  feet  when  filled  to  fal^h* 

water  markj 

Seventh.  The  amount  of  water  claimed  by  appropriation  under  and  by  meSDS 

of  the  construction  of  said  ditt^h  is cubit;  feet  i)er  h(h<  )nd  of  time.    ( The  amomife 

of  water  claimed  under  and  by  means  of  the  construction  of  said  r(»8ervoir  is  — 
cubic  feet.) 

Eighth.  Work  was  commenced  on  said  ditch  (canal  or  rest»r\'()ir)  on  the  —  dsaf 

of ,  A.  D.  18 — ,  from  which  time  said  appropriati(^n  of  water  is  claimed  lib 

date. 

Ninth.  The  number  of  acres  of  land  lying  under  and  along  said  ditc^h  (cansl  or 
reservoir)  and  being  irrigated  by  water  therefrom  is . 

Tenth.  The  size  of  said  ditch  (canal  or  reservoir)  jis  enlarged  (and  extended)  Is 

as  foDows:  Its  length  is ;  its  width  ia feet  at  the  lK)ttoiii,  and feet  St 

high- water  line;  its  depth  of  water  is fciet. 

Eleventh.    The  increased  capacity  of  said  dit(;h  (canal)  arising  from   snoil 

enlargement  is cubic  feet  per  second  of  time.     (Tlie  in(!r('{ised  capacity  of  ssid 

reservoir  arising  from  such  enlargement  is cubic  fe<*t. ) 

Twelfth.  Work  was  commenced  on  said  enlargement  on  the day  of  u 

A.  D.  189 — ,  from  which  time  the  additional  appropriation  of  water  by  means  ol 
such  enlargement  is  claimed  to  date. 

Thirteenth.   The  amount  of  water  claimed  by  appropriation  imder  and  by 

means  of  such  enlargement  of  said  ditch  (canal)  is cubic  feet  ix?r  second  of 

time.    ^The  amount  of  water  claimed  bv  appropriation  under  and  by  means  of 
such  extension  of  said  reservoir  is cubic  f eet. ) 
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Fourteenth.    The  ntimber  of  acres  of  land  lying  under  and  along  said  ditch 

(canal  or  reservoir)  as  enlarged  and  irrigated  by  water  therefrom,  is . 

Witness hand —  and  seal —  this day  of ,  A.  D.  18—. 

.     [seal.] 

.      [SEAL.] 

State  op  Colorado,  County  of as: 

,  being  first  duly  sworn,  on  his  oath  says  that  he  has  read  the  fore- 
going, and  that  the  matters  and  things  set  forth  in  such  statement  are  true  of  his 
own  personal  knowledge. 

Subscribed  and  sworn  to  before  me  this day  of ,  A.  D.  189 — . 


No.  2. 

Form  for  map  and  statement, 

A  map,  showing  the  point  of  location  of  the  head  gate,  the  route  of  the  ditch  or 
canal,  tne  high- water  line  of  the  reservoir,  the  route  of  the  feeder  to  and  the 
ditches  or  canals  from  such  reservoirs;  the  legal  subdivisions  of  the  lands  upon 
which  such  structures  are  or  are  to  be  built,  the  names  of  the  owners  of  such 
lands  as  far  as  the  same  are  of  record  in  the  office  of  the  county  clerk  of  the  county 
in  which  the  same  are  situated;  the  courses,  distances,  and  comers  being  g[iven 
by  reference  to  legal  subdivisions  on  surveyed  lands,  or  to  natural  objects  if  on 
unsurve^ed  lands;  of  a  ditch  (canal  or  feeder  for  a  ditch  or  reservoir^  for  irriga- 
tion; bemg  constructed  (or  about  to  be  constructed  or  enlarged)  oy of 

.  *< 

(Here  insert  map,  with  particulars  as  above  set  forth.) 

State  of  Colorado,  County  of ,  ««; 

Water  division  No.  — ,  district  No.  — . 

The  undersigned  hereby  makes  statement  of  claim  for  priority  in  the  use  of 
water  by  appropriation,  for  the  purpose  of  irrigation,  and  attaches  the  said  state- 
ment to  the  foregoing  map  for  the  purpose  of  securing  the  benefits  of  the  law.of 
the  State  of  Colorado  in  relation  to  such  priority  of  water  rights,  and  states: 

(Here  make  statements  as  in  form  for  adjudication  of  priorities,  which  see.) 

State  of  Colorado,  County  of ,  ««; 

,  being  first  duljr  sworn,  on  his  oath  says  that  he  has  examined  the 

above  map  and  read  the  foregoing  statement  thereto  attached,  and  that  the  mat- 
ters and  things  shown  on  said  map  and  set  forth  in  said  st&tement  are  true  of  his 
own  personal  knowledge. 

Subscribed  and  sworn  to  before  me  this day  of ,  A.  D.  189 — . 


No.  3. 
Fomi  of  petition  for  atijudication  of  priority. 
State  of  Colorado,  County  of ,  ss: 

In  the  district  court. 

In  the  matter  of  the  application  of and for  the  adju- 
dication of  the  priorities  of  right  to  the  use  of  water  for  irrigation  purposes  in 
water  district  if  o.  —  in  said  State  of  .Colorado. 

To  the  honorable  district  court  of  the judicial  district  of  the  State  of  Colo- 
rado within  and  for  the  county  of ,  and  to  the  honorable , 

judge  of  said  court: 

Your  petitioners  resi)ectfully  represent  that  they  are  the  owners,  respectively, 
of  the and ditches  (or  reservoirs)   located  in  said-^^^/^x  ^ss*xtfi\»,\»JKi2a% 
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and  nsiiij<  water  from ,  and  th*^  tribntarifH  theniif ,  in  said  water  dlntrict,  far 

irrigation  i)nqK>H('H  in  the  cultivation  of  landH  adjac^ent  to  and  under  naid  ditehea 
alouK  tlu)  mw  thereof:  tliat  the  iietitioni'rs  lierciu  are  int«*reHted,  aH  Ruch  owners 
aforesaid,  in  tho  Hettlenifnt  and  adjuilication  of  the  ]>rioritirH  of  ri^ifht  to  the  rue 
of  the  watcrft  of  said  ntrtniui,  and  tno  tributari(*H  thor(M)f,  for  irrigation  purposes, 
iK^twfH'U  tho  K«>v(^ral  dit^*h(.*H,  ranaln,  mid  reKervoii*H,  and  owners  of  water  rights 
in  wiid  wab^r  district  No. — . 

WluTefore  your  iH'titioncrs  pray  that  yonr  honor  will  procee<l  to  an  adjudica- 
tion of  the  ])rioritit>s  of  rights  t^i  tho  nso  of  water  for  irrigation  purpoaes  between 
the  several  diUrhes,  canals,  and  ownei's  «»f  wat^T  rights  in  sjiid  district  No.  —  in 
said  State,  under  the  jirovisions  of  the  constitution  and  tho  laws  of  the  eaiil  State 
of  Odorado  in  that  behalf  provided. 

^^^^^^^^  ^^^^^^^^"« 

[NoTK. — It  is  (^ustoniarv  to  Imve  the  ]H>tition  verified,  although  the  statate  does 
not  sfH*ni  to  nniuire  it.     The  verificatirin  may  Ih»  in  the  following  form:] 

Statk  ok  (V»u>kaim>,  (\tiniiff  nf ,  »h: 

I, ,  one  of  the  petitioners,  wlir)s«' name  is  sultscrilNMl  to  the  fore- 

g(»ing  iM'tition,  do  sideninly  swear  that  1  iN^hevr  the  matters  and  things  Het  forth 
and  stated  in  said  ]>etition  an*  true  in  subst-tmce  ami  in  fact. 

SubscrilKHl  and  sworn  t^i  In^fore  me  this  day  of ,  A.  1).  In—. 


N( ).  4. 

Fttnn  for  ttrtler  far  tuijndiraiitnt  utitl  ni»jHn'ntnn'uf  nf  rrfvrt'r. 

In  the  di«trirt  court. 

In  the  matter  of  the  application  of --     aiiil  --    for  the  adja- 

dicatiou  of  the  i»riorities  of  right  t<»  the  nw?  of  water  for  irrigatif»n  purpoHeH  in 
water  ilistrict  No.  —  in  said  State  of  ( ■olora4lo. 

On  this day  of .  A.  D.  1H1» — ,  the  sjmn'  lii'lng  one  of  the  judicial  days 

of  .the .  A.  D.  1H1) — ,  term  of  said  distriet  court  (or  before  the  Hon. 

.  iudgi'  of  said  court,  in  vacation,  at  his  <*hamlN>rs  in  tlie  city  of ,  in 

( 'Ounty,  in  tlie  State  of  Colorado),  cnme  tlie  a)N>ve-named  iM'titionorH,  and 

l)resent  their  i)etiti<m  praying  for  an  adjudication  of  tlie  riglits  of  ]N*titioneni  and 
all  i>ther  owners  of  or  isTs<»ns  interesti'd  in  dit<"!ies.  canals,  resi-rvoirs,  or  water 

rights  therein,  taking  wat4'r  from  the  natural  streairi  known  as ,  and  the 

tributaries  thenM)f,  in  water  district  No.  —  in  sai<l  State  nf  Culorado. 

And  the  said  ])etitioii  Inking  read  and  <M»nsi(h'nMl  by  iIm' court  (or  judge),  it  is 
hereby  ordere<l  that  the  Siime  be  fili*d  in  the(>tliceof  tin-  clrrk  of  the  district  court 
in  said  county  of ,  in  the  State  of  Colorado. 

And  it  iH'ing  dimmed  by  the  f  judge  of)  said  court  i]m»ra<*ticabli»  to  hear  the 
evidi'uce  touching  till'  rights  of  jjetitioners  and  oil  mts  in  this  in-half  in  opi>n  court. 

it  is  further  ordennl  that ,  es<j.,  of  tin-  crmniy  of  -     --   •  and  State  of 

Colorado  (he  lM*ing.in  the  ojnnion  of  the  court,  (or  judge.).a(liM-re('t  and  (pialified 
]MTson),  b(>,  and  he  is  hereby.  apiKiinti-d  refcr<'c  of  ili«»  <'ourt  in  said  matt<>r,  to 
whom  isri'f<'rred  the  said  ]M'tition  and  all  st.atenientsnf  chiiins  tf)  the  us«»  of  water 
for  irrigation  from  the  natural  str»-ams  of  said  \vat«'r  district  licrctofore  filed,  or 
that  may  hereafter  bt*  filed,  in  siiid  court  (»r  in  this  i>roc»M-<ling. 

Said  ref(*ree  shall  t^ikeall  eviili*ncit  in  the  matter  of  sai<l  petition  and  the  several 
priorities  of  right  t<»  water  for  irrigation  ])uq>os»s  in  .sii«l  water  (listri<t  oflTered 
tiy  parties  who  have  filed  or  shall  file  their  statements  of  rlaim-^.  as  n-ijuired  by 
law,  and  shall  consider  the  same,  and  also  anv  othi-r  (^vidfiicf  and  testimony,  if 
any  there  be,  heretofore  taken  in  said  water  district  in  any  like  procctHiing,  and 
shall  make  an  abstract  of  said  evidence  and  his  findings  unon  the  same. and  draft 
a  decn^e  theriMm,  and  rei)ort  the  same  to  this(M)urt:  anu  gcmrally  said  referee 
shall  have  all  the  X)owers  and  i)erform  all  the  duties  re«|uirc<l  <»f  a  refere*.*  of  said 
court  by  the  laws  of  tin)  Stat<^  of  Colorado  regulating  the  matter  r»f  the  adjudica* 
tion  and  determination  (»f  water  right.s  and  defining  tlxr  duties  and  ]H»wer8  nf 
referet?s  apis )inted  by  courts  of  ri?<'ord:  that  befonM-nt^-ring  upon  the  di.scharge 
of  his  duties  as  such  n^fenje,  and  within  ten  days  from  the  date  of  this  order,  the 
Biiid  referee  shall  file,  in  th(*  ofticc*  of  the  <-lcrk  of  the  <listriet.  court  for  the  county 

of ,  his  written  acceptance  of  this  apiK>intnu>ut.  WiUvV  V\va  v>a\\v  v%^  v%^M\i  «« 

Bucb  referee. 
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No.  6. 

Form  of  notice  by  referee. 

In  the  matter  of  the  adjudication  of  the  priorities  of  water  rights  in  water 
district  No.  — : 

Whereas  by  an  order  (of  the  jndge)  of  the  district  court  of  the judicial 

district  in  the  State  of  Colorado  in  and  for  the  county  of ,  the  undersigned 

was  appointed  referee  in  the  above  matter,  of  which  order  the  following  is  a  copy: 

(Here  insert  copy  of  order.) 

Now,  therefore,  I  do  hereby  give  notice  to  all  persbns,  associations,  and  corpora- 
tions interested  as  owners  or  consumers  of  water  in  said  water  district  No.  — 
that  I  will,  at  the  place  and  on  the  days  hereinafter  designated,  attend  for  the 
purpose  of  hearing  and  taking  evidence  touching  the  priority  of  rights  of  the 
several  ditches,  canals,  and  reservoirs  in  said  district,  and  will  continue  such 
hearing  from  day  to  day  until  all  such  evidence  shaJl  be  taken,  to  wit: 

At ,  at  the  office  of ,  on  the day  of ,  A.  D.  189 — ,  at  — 

o'clock  — .  m. 

At ,  at  the  office  of ,  on  the day  of ,  A.  D.  189 — ,  at  — 

o'clock  — .  m. 

And  I  do  hereby  notify  all  persons,  corporations,  and  associations  interested  as 
Qwners  or  consumers  of  water  in  said  district  to  attend  by  themselves,  their  agents 
or  attorneys,  at  the  time  and  places  appointed  herein,  and  then  and  there  nle  a 
statement  of  claim  in  case  no  statement  has  been  heretofore  filed  in  the  office  of 

the  clerk  of  the  district  court  of Coimty  aforesaid,  such  statement  to  be 

under  oath  and  showing  the  ditch,  canal,  or  rese*'voir  in  which  the  interest  is 
claimed,  together  with  the  names  of  the  owners  thereof,  and  such  other  particu- 
lars as  are  prescribed  b^  law;  and  all  persons  interested  may  then  and  there  pre- 
sent proofs  for  or  against  any  priority  of  right  by  appropriation  sought  to  be 
shown  by  any  party  by  or  through  any  such  ditch,  canal,  or  reservoir,  either  as 
owner  or  consumer  of  water  drawn  therefrom. 


Beferee. 
(Date.) 


No.  6. 

Form  for  order  setting  report  of  referee  for  hearing. 

In  the  matter  of  the  application  of and for  the  adju- 
dication of  the  priorities  of  the  right  to  the  use  of  water  for  irrigation  purposes 
in  water  district  No.  —  in  said  State  of  Colorado. 

On  this day  of ,  A.  D.  189 — ,  the  same  being  one  of  the  judicial  days 

of  the ,  A.  D.  189 — ,  term  of  said  district  court,  come  again  the  above-named 

petitioners,  by ,  esq.,  their  attorney;  come  also  the  following-named 

persons,  corporations,  and  associations,  who  have  severally  filed  claims  herein  for 
the  right  to  use  water  for  irrigation  purposes  in  said  water  district  No.  — ,  to  wit: 

,  by ,  esq.,  nis  attorney; ^ ,  by 

esq.,  its  attorney;  comes  also 


esq. ,  referee  heretofore  apix)inted  by 
1  hear  the  evidence  in  this  cause  and 


the  court  herein  to  take  the  testimony  and 
make  an  abstract  of  such  testimony  and  evidence  and  his  findings  upon  the  same, 
and  to  draft  a  decree  thereon,  and  presents  his  report  to  the  court  of  his  action 
herein,  together  with  his  abstract  of  such  testimony  and  evidence  and  his  findings 
upon  the  same,  and  also  with  his  draft  of  a  decree  nerein. 

And  the  said  report,  abstract,  findings,  and  decree  of  said  referee  bein^  read 
and  considered  by  the  court,  it  is  hereby  ordered  that  the  same  be  filed  in  the 

office  of  the  clerk  of  this  court  and  set  for  hearing  on  the day  of ,  A.  D. 

189 — ,  to  which  time  this  cause  is  continued. 


No.  7. 
Form  for  decree  adjudging  priority. 


In  the  matter  of  the  application  of an^ ^«^  '^'^  'a*S!>js^- 

djcatdon  of  the  priorities  of  right  to  the  use  oi  v^ater  lot  \TT\\gaJa»TL  v^^s:>fiW6R»^^s^ 
water  district  No.  —  in  said  State  of  Colorado. 
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And  now  on  tliiH day  of ,  A.  D.  1  ftO — ,  tho  name  heinff  one  of  the  judicial 

davH  of  tlio ,  A.  D.  IHl) — ,  tennof  said  distrit-t  court,  (miuio  atfuin  the  above- 

naiiu*d  ]M4itionerH  by ,  ewi.,  their  attorney:  and  the  followinfj^-nanied 

p(TKonK,  (u»riH)rationH,  and  aHHociations,  who  have  M^verally  fihnl  cdaims  herein  for 
the  ri^bt  to  nw*  water  for  irrif^ition  jmrix  >»*<*«»  in  wild  water  diHtrict  No.  — ,  to  wit: 
(Ilere  i]is4'rt  iiiuueHof  hucIi  iK.*rH«mH,  etc.,  together  ^\ith  the  names  of  the  attorneys 
representing  them.) 

And  tho  Hiiid having  filwl  herein  hiH  exceptions  to  the  report, 

almtnict,  findingN,  and  dcvree  <»f ,  referee,  heretofore  filed  in  this 

cause,  w1ii(^h  exceptionH  tho  court  on  conHiderati<»n  thereof  doth  overrule: 

And  it  apiHMiring  to  tlio  court  that  no  other  exceptionn  t^)  Huch  reimrt,  abfltract, 
findings,  and  de<*n^>  have  In'en  filed  lierein: 

And  Ui  >w  thiHcau^4e  coming  on  to  Ik*  heard  upon  th«»  rei>ort  of ,  referee 

lierein,  and  upon  the  evidence  and  toHtimony  taken  by  siiid  referee  herein,  together 
with  his  almtrmrt  of  such  evidence  and  testimony,  and  his  findings  thereon,  and 
his  draft  of  adeiT(*e  submitted  with  his  s;iid  re|K»rt:  and  the  court  having  heard  the 
argiunents  of  couns(d  herein  and  YM*ing  fully  advistKl  in  tho  ]>reniiseH,  and  upon 
consideration  of  such  e\idence,  testimony,  abstract,  findings,  draft  of  deirree,  and 
arguments  of  couns<'l,doth  find: 

That  said  n^fen»e  has  in  every  resjM?ct  i)roc<M*de«l  liccording  to  law  and  the  jnd^- 
meiit  of  the  court  a]>iM>inting  him  as  such  refen^'  in  taking  the  testini(»ny  and  hear- 
ing the  evidence  herein;  and  the  at^t  inns  and  pnn  mm  "dings  of  said  referee  hereiy^ 
together  with  his  reiKirt,  abstrjwt,  findings,  and  draft  <»f  dtHTi*e,  are  hereby 
approved  and  (MHifirmed  by  tlie  court. 

in  regard  to  th«*  ditt^li  owned  by .  wh«>se  inist-oftice  a<ldress  is  , 

which  ssiid  ditch  is  named  and  known  lis  the dit<*h,  the  ciiurt  finds: 

That  wtjrk  was  commenced  «m  sjiiil  ditch  on  the day  4»f ,  A.  D.  180     , 

from  which  time  the  appropriation  of  water  then*th rough  should  date;  that  work 
was  prosecut«*d  on  said  ditch  with  due  diligence  until  its  com]»letion:  that  the 
nature  of  the  work  in  constructing  Kiid  ditch  was  nn'k  t'utting  for  a  distance 

of fn»mthe  head  gate,  and  Kind  and  gravel  excavation  for  a  further  distance  of 

:  that  the  water  is  carried  through  fiumes  along  the  lim^  tht*r«*of  for  a  dis- 
tance of  :  that  the  heiid  gate  of  sjiid  dit<th  is  on  tlie bank  of  .from 

which  stream  wiid  ditch  d«Tives  and  diverts  its  water,  at  a  iK)int  whence  the 

cromerof  S<H'tion ,T. \^^'~ — ,  l»<*in» feet:  that  from  said  heiulgateaaid 

dit^'h  nuis  in  a  general dinn-tion  for  a  distan<'e  of .  thence  (et^*.,  d(*Hcrib- 

ing  th<>  (roursf.^  of  tlu;  ditch  in  its  general  coiirs<*):  that  the  sixe  and  carryinA[ 
capjwity  of  sjiid  ditrh  Jis  originally  c(»nstruct»*d  was  as  follows:  The  length  of  Sfda 

dit<-h  was ,  its  width  at  the  bottom  was f«M't:  its  width  at  higli-wat(*r  line 

wjis  -      f«M*t.  the  denth  of  water  carried  by  said  ilitch  was      --f«'<*t,  its  grade 

was —    fi*«»t  IMT  miie,  its  carrying  <'ai)acity  was cubi(r  f<'et  jmt  second  of 

time:'  that  the  size  and  carrving  capacity  of  said  dit<'h  has  remained  snlistaiitially 
th«'  same  from  the  date  of  its  (instruction  np  to  this  time:  that  the  numlier  A 
acres  of  land  lying  under  and  along  siiid  ilitch  and  irrigateil  by  water  therefrom 
is   — :  and  that  the  owner  of  Kiid  ilitch  and  of  the  watiT  appro] niatod  there- 


through  is  entitled  to  a  iiriority  in  the  use  of  -  —  cubic  feet  ol  wat(?r  jmt  second 

rii  ap])ropriation 
In  regard  to  the  canal  owned  by  the (Company,  whosi*  i>ost-office  address 


(»f  time  by  virtue  of  such  ap])roj»riations. 


i^ ^  which  said  canal  is  named  and  known  as  the canal,  tho  court 

finds: 

(lIiM'e  iiiwrt.  particulars  as  in  niiVi  of  a  ditcli.) 

In  regard  to  the  reservoir,  feiiler,  and  distributing  ditches  cnnne<*to<l  with  sQCli 

reservoir,  owned  by  the Assoi'iution,  whos»»  i)ost-nfliri>  address  is  , 

which  said  reservoir,  fiMMler.  and  distributing  ditches  an'  named  and  known  as 
the ,  the  c«)nrt  finds: 

(Here  describe  c(»mmencement  and  bx'ation  of  work,  its  nature.  liK'ation  of 
ht^jwl  gate,  from  what  stream  and  where  water  is  diverti.Ml.  the  general  course  of 


'  The  (rourt  further  finds  that  said  ditch  was  af t^T wards  enhirged  (and  ext4?nded) 
by  the  owiuTS  thereof  (find  facts  substantially  as  in  case  of  the  original  dit<*h,  as 
shown  alM»ve) ;  that  the  incn^ased  <*apacity  of  sjiid  ditch  ari.-«ing  from  such  enlarge- 
ment (and  extension)  is cubic  feet  jVr  wnrond  of  time:  that  the  numl>er  of 

su;resof  land  lying  under  and  alongsjiid  ditch  }is  enlarged  (and  i^xtended)  and  irri- 

giit^etl  by  water  therefrom  is ;  that  the  owner  of  said  dit<-h  and  of  tlu^  water 

ai»j»roi)riat<»<l  thtTethrough  is  entitled  to  an  additional  jiriority  in  the  use  of 

(rui»i(^  fiM't  of  wat(T  i>er  wK'ond  of  time  by  virtue  of  such  enlargement  (and  exttjn- 
sion),  and  of  tho  appropriation  thereby  made. 
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the  feeder  and  distribnting  ditches,  their  length,  width,  depth,  grade,  and  carrying 
capacity;  the  location,  dimensions,  and  capacity  of  the  reservoir;  the  nnmber  of 
acres  of  land  lying  nnder  and  along  snch  reservoir,  feeder,  and  distributing 
ditches,  and  irrigated  by  water  therefrom,  substantially  as  in  case  of  a  ditch.) 

That  the  owners  of  said  reservoir,  feeder,  and  distributing  ditches  and  the  water 

so  appropriated  are  entitled  to  the  priority  in  the  use  of cubic  feet  of  water 

per  second  of  time,  which  they  are  entitled  to  divert  during  the  irrigating  season 
rrom  such  stream  after  all  prior  api)ropriators  have  been  supplied  with  the  amount 
of  water  they  are  entitled  to  by  virtue  of  their  appropriations;  that  the  owners 
of  said  reservoir,  feeder,  and  distributing  etches  are  also  entitled  to  divert  suffi- 
cient water  from  such  stream  during  tne  nonirrigating  season  to  fill  their  said 
reservoir  to  its  caiMwity  as  hereinbefore  found. 

The  court  doth  therefore  order,  adjudge,  and  decree  that  the  owner  of  the  ditch 

named  and  known  as  the ditch  is  entitled  to  a  priority  in  the  use  of 

cubic  feet  of  water  j?er  second  of  time  from  said  natural  stream  known  as , 

in  said  water  district  No.  — ;  to  date  from  the day  of ,  A.  D.  189 — ; 

that  said  ditch  shall  be  numbered  as  ditch  number  one,  and  said  appropriation 
therethrough  shall  be  numbered  as  appropriation  number  one,  in  said  water  dis- 
trict No.  — ;  that  the  owner  of  said  mtch  number  one  is  entitled  to  an  additional 

priority  in  the  use  of cubic  feet  per  second  of  time  from  said  stream,  to  date 

from  tne day  of ,  A.  D.  18—,  on  account  of  such  enlargement  (and 

extension)  of  said  ditch  and  appropriation  of  water  therethrough  as  aforesaid; 
that  said  additional  appropriation  shall  be  numbered  as  appropriation  number 
three  in  said  water  district  No.  — . 

That  the  owners  of  the  canal  named  and  known  as are  entitled  to  a  priority 

in  the  use  of cubic  feet  of  water  -per  second  of  time  from  said  stream  known 

as in  said  water  district  No.  — ,  to  date  from  the day  of ,  A.  D. 

18 — ;  that  said  canal  shall  be  numbered  as  canal  number  two,  and  the  appropria- 
tion therethrough  as  aforesaid  shall  be  numbered  a;S  appropriation  number  two  in 
said  water  district  No.  — . 

That  the  owners  of  the  reservoir  named,  known  as ,  are  entitled  to  a  priority 

in  the  use  of cubic  feet  of  water  per  second  of  time,  which  they  are  entitled 

to  divert  from  said  stream  during  the  irrigating  season,  provided  the  prior  appro- 
priations numbered  one  and  two  have  been  first  supplied  with  the  amount  of  water 
such  appropriations  are  entitled  to  as  aforesaid.  The  owners  of  said  reservoir 
are  also  entitled  to  divert  sufficient  water  from  said  stream  during  the  nonirri- 

Rating  season  to  fill  said  reservoir  to  its  capacity  of cubic  feet,  as  heretofore 

founa;  that  said  reservoir  shall  be  numbered  as  reservoir  number  one,  said  dis- 
tributing ditch  as  ditch  number  three,  and  the  appropriation  therethrough  as 
appropriation  number  four  in  said  water  district  No.  — . 

The  court  doth  further  order,  adjudge,  and  decree  that  each  appropriation  as 
aforesaid  shall  be  entitled  to  the  number  of  cubic  feet  of  water  per  second  of  time 
from  said  stream  in  the  order  as  the  same  are  numbered  as  aforesaid,  be^nning 
at  the  lowest  number  or  number  one;  and  that  each  reservoir  as  aforesaid  shall 
be  entitled  to  the  number  of  cubic  feet  of  water  from  said  stream  up  to  its  capacity 
as  aforesaid,  to  be  taken  during  the  nonirrigating  season  from  said  stream  m  the 
order  in  which  reservoirs  are  numbered  as  aforesaid,  beginning  vdth  the  lowest 
number  of  such  reservoirs.  In  case  all  the  water  is  not  used  during  the  irrigating 
season  by  prior  appropriations,  then  said  reservoirs  are  to  be  allowed  to  use  such 
unused  water  from  said  stream  as  may  be  needed  to  fill  the  said  reservoirs  in  the 
same  order  as  aforesaid. 

The  court  doth  further  order  that  each  and  everjr  party  interested  in  or  claiming 
any  ditch,  canal,  or  reservoir  as  aforesaid,  or  any  interest  therein  or  in  the  water 
appropriated  as  aforesaid,  shall  receive  from  the  clerk  of  this  court,  on  x>ayment 

of  a  fee  of ,  which  amount  is  adjudged  by  the  court  to  be  a  reasonable  fee, 

a  certificate  under  the  seal  of  the  court  showing^  the  date  or  dates  and  the  amount 
or  amounts  of  such  appropriations  adjudged  in  favor  of  such  ditch,  canal,  or 
reservoir,  under  and  by  virtue  of  the  construction,  extension,  and  enlargement 
thereof,  severally  as  aforesaid,  together  with  the  number  of  said  ditch,  canal,  or 
reservoir,  and  also  of  each  appropriation  or  priority  to  which  the  same  may  be 
entitled  by  reason  of  such  construction,  eiUargement,  or  extension. 
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Nc».  «. 

Fifrm  of  jh'tition  to  fix  nites. 

State  of  O  jloraim-).  Count tf  of .  *«: 

Bt»f<)n'  tlu*  lM»ar<l  i)f  county  t'oiiiiiiiBKioners. 

In  the  matter  of  thc^  applitration  of and ,  fwrtios  interefited  in  pro- 

cnrinK  water  fi»r  irrij^ation  puriKJWH  fruni    the  Caual   and   Beaervoir 

Company . 

To  tho  honorable  Inianl  of  <'ounty  commissionorH  of (\mnty,  in  the  State 

of  Colorado: 

Your  iM'titioners  re?q>ertfnllv  reproHont  tliat  they  are  the  ownen*  of  the  follow- 
ing detK'rilHMl  tnu'ts  and  parcels  or  land  lyiuK  in  «dd  «*ounty,  to  wit: 

(Here  d^jscriln*  lands  of  eiwli  iH»titii»ner.) 

That  such  hinds  are  fanning  and  orchard  lands  wliich  wen^  ori^nallv  of  a 
wholly  arid  nature,  on  whicli  croi»s  could  not  ]m»  raised  without  artificial  inrii 
tion,  but  which  have  lM»on  reclaimed  and  brought  inti»  a  stat**  of  cultivati(in 

means  of  water  which  has  lx?en  fnndslied  iK'titioners  by  the Canal 

Reservoir  (/ompany. 

Your  iKttitiont  rs*shi>w  that  they  are  wholly  d(>iN*ndent  on  the  water  fnmiflhed 

them  by  said ( -anal  and  Hes4*rvoir  C(»m]>any  in  irriKatin^  and  cultivating 

their  wiid  land,  and  have  no  other  source  from  which  they  can  S4»curt»  water  for 
such  purix»ses. 

Your  ]M'titioni'rs  sliow  that  siiid  ditch  an<l  n?servoir  <'onii)any  has  lK»en  chaT|on£f 

Sour  p(?tition«'r  for  such  water  at  thf*  rat<'  «»f .  wliicli  rate  vour  itetitioners 
elieve  to  )h>  unreasonalde.  unjust,  and  exorbitant;  and  althouKii  your  i^etition- 
ers  have  fn^piently  ai>plied  to  the  projMT  ofHcMTs  of  siid  coni])any  to  have  flaid 
rate  redu<;ed  to  a  reasonal>le  and  just  amount,  yet  said  (Company  has  at  all  times 
refused  and  still  d«M«s  refuse  to  so  reduce  sucli  rat«». 

Your  petition* -rs  aver  that  a  reasonable  and  just  rate  of  cliarjjre  for  such  water 

would  not  Ik*  over ,  which  amount  your  i)eti tinners  an*  nnw  and  ha%*e  been 

at  all  times  ready  and  williuK  t<>  pay  s;iid  company. 

Your petitiontTs  further  sliow that  th»'ditch«*s.  canals,  and  n's<»rvoirs  of  said 

Canal  and  Kcservoir  Comjiany  lie  in  ^reat  ]>art  within  the  iMiundaries  of  said 

county  of and  the  remainder  thereof  lie  in  thi'  county  of .  in  said  State 

of  Colorado. 

Your  petitioners  therefore  pray  tlial  your  Itminrabli'  ]M)ard  will  pr<K*etKl  to  fiz  a 
just  and  rejUMonablt^  rati"  for  such  com))any  to  cluir;;!'  your  jN>titionf>rs  for  such 
water,  as  pruvi<kHl  by  the  law  of  the  State  of  Colorado  in  such  matters. 


Statk  <  )F  ( '<  >L<  »nAlK),  County  of ,  sh  : 

and ,  iM'ing  t-ach  dulv  s^^^m  on  their  several  oaths, 

say  that  they  have  read  t hi'  fore.Lroini;  ]M*tition:  lliat  thi-y  arc  th«*  same  iiersons 
whose  names  art^  subscribed  to  said  iN'tition.  atid  tliat  Ww  matters  and  things  in 
said  jM'tition  charj^ed  and  stated  are  tru«»  of  tln-ir  own  iwrM»nal  ku<»wh'dge. 

Sui»sci*ib«'d  and  sworn  to  bef(»re  mo  this <lay  of ,  A.  D.  1W» — . 


■ 

State  of  Cr)i/>RADo,  County  of ,  sh: 

,  bcin^  duly  sworn,  on  his  oath  says  that  he  is  a  resident  of  said 

county  and  has  Ikmmi  for years  last  iiast:  tliat  ln'  is  will  jncjuainted  with  the 

lands  of and  of .  as  descrilnMl  in  tin*  f •>!•»'?;•  »in.u  p»*titi«»n.and  also  with 

the  ditches,  canals,  and  reservoirs  of  the  sjiid Canal  and  Kewrvoir  (Com- 
pany in  said  counties  of  and  :  afliant  is  also  acipiainted  with  the 

rates  of  charjijes  for  furTiishin^  water  for  irrijjfatinjr  purposes  in  said  counties  of 

and ;  afHaTit  has  read  the  forej^oinj^  ]H'titiou.  and  vrrily  iM'lieves  the 

matters  and  things  then*in  char«ced  and  stated  are  true,  and  iliat  th«'  rate  of  -^— 
charj?e<l  by  sjiid  company  for  fuiiiiiihiug  wat<.*r,  as  therein  stated,  is  unreasonable 
and  unjust  to  said  iietitionors. 

SubscrilxHl  and  sworn  to  l>t*foro  me  this day  of .  A.  D.  1 »',»—. 

(Add  other  affidavits  if  desired.) 
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No.  9. 
Form  of  order  setting  petition  down  for  hearing. 

State  op  Colorado,  County  of ,  ss: 

Before  the  board  of  comity  commiBsioners. 

In  the  matter  of  the  application  of and  ,  parties  interested  in  pro- 
curing water  for  irrigaaon  purposes  from  the Canal  and  Reservoir  Com- 
pany. 

On  this day  of ,  A.  D.  189 — ,  the  same  being  one  of  the ,  A.  D. 

189 — ,  sessions  of  said  board  of  county  conmiissioners,  come  before  the  said  board 
and and  present  their  petition,  and  affidavit  thereto  attached,  repre- 
senting and  showing  to  the  boiurd  tnat  the Canal  and  Reservoir  Company 

are  charging  said  petitioners  unjust  and  unreasonable  rates  for  water  furnished 
for  irrigation  purposes  to  said  petitioners  by  said  company,  and  that  said  com- 
panjr  refuses  to  reduce  such  rates  to  a  just  and  reasonable  amount;  and  the  board 
havmg  examined  said  petition  and  affidavits,  and  having  heard  the  testimony  of 
other  witnesses  in  regard  thereto,  find  from  said  petition,  affidavits,  and  testimony 
that  the  facts  sworn  to  show  such  application  to  be  and  to  have  been  made  in 
good  faith,  and  that  there  is  reasonable  ground  to  believe  that  unjust  rates  are 
or  are  about  to  be  charged  by  said  company  for  furnishing  water  for  irrigation 
purposes  as  aforesaid. 

The  board  doth  therefore  order  that  said  petition  be  set  for  hearing  on  the 

day  of ,  A.  D.  189 — ,  when  all  x>arties  interested  in  said  company  or  the 

ditches,  canals,  or  reservoirs  thereof,  or  in  procuring  water  therefrom,  will  be 
heard  by  the  board  in  regard  thereto;  to  wmch  time  this  matter  is  hereby  con- 
tinued. 


WATliR  LAWS  or  KANSAS. 


CIIAPTKK  7H.~(SKNKItAL  STATI:TR8  OF  KANSAS. 

Wftfor  inAv  ho  miiiroiiri.  ^^'^-  ^'  '^*"'  "*^^*  ^*  *^"*  "**^*  ^^  ruiming  water 
water    '"^r    '>^  approprl-    fl^^^i,,^,  ^^  ,^  ^ivtr  or  Mtn^aiii  in  this  Statefor  the 

j)uri)<)Ht''H  of  irri^tioii  iiiay  1k»  a(*4inired  by  appro- 
priation.   Am  1)etw(^*n  appropriatorH,  tht;  oiiit  iirHt  in  time  in  tho  Ant  in  right. 

Plftpo  «f  (llvorHinn  iiiav  ho       ^^'^'  *'  -^"y  lH*rs<»n,  company,  or  corporation 

ohflnffod  (mtithnl  to  th«  uw  of  wat4 >r  uiiiy  change  the  place 

*»  of  ili\M'rsi«»n  if  othi*rs  an^  not  injured  by  each 

ohanp\  and  may  i>xton<l  tlio  canal,  ditcli,  limn**,  or  miin>(lnct  by  which  the  diver- 

Hion  i.s  nia<l<*  to  |)1ur«>H  Ix'yond  that  to  whore  t)uj  first  nsa  wiw  mmle. 

\»tioo  roAiiirod  ^^^''  '*•  -^"-^  IHTson,  (•i)miMUiy,<ir  < or] Hiratinn desiring  hen' 
A^ifiuv    r<  qiiirfu.    j^^-^^.p  ^^^  appropriiitf  waUT  must  \Mwt  a  notice  in  writing  at  a 

conspicuous  phicc  at  the  ],M)int  (»f  diviTsion,  stating  thrreiiu  first,  tliat  such  per- 
wui,  company,  or  coriM>ration  cLiims  the  water  tlien*  flijwin^?  t^i  tlic  extent  of  ^— 
(^ivin^  tiie  number  of)  in(*1uw,measur4Ml  under  a  fnur-ineh  i>resHure,  and  dencrlb- 
iiiK  and  defining  as  lUMruriitely  as  may  Ik*  the  ]>hiee  of  diversion:  w*i!ond,  the 
means  by  wfiich  such  ]x'rson,  comiKiny.  or  rorjMn'ation  intends  to  divert  it, 
and  the  size  of  t)i(^  canal,  ditch,  or  fiume,  or  aqueduct  in  whicii  he  intc^nde  to 
divert  it.  A  co]>y  of  such  notice  must,  within  ten  days  after  it  is  jKwtcil  at  the 
]ihM'(}  of  div(Tsion,])e  also  jxtsttMl  in  a  c(»ns]>icunus  place  in  tin*  office  of  the  county 
clerk  (»f  the  count  v  in  which  such  i»lace  of  diversiou  is  situate<l,  and  1)o  recorded 
by  thi»  county  ch*rk  in  a  lHH»k  to  be  k»'i>t  for  that  puriH»se. 

NoTK. — The  noti<'es  r«*(iuin!d  by  tliis  s<'<'tioii  are,  as  rejjjards  tin*  counties  Iving 
west  of  the  innety-uinth  di'^ree  oV  w(*st  loiij^itudi',  required  by  sit'tion  one  nnn- 
dred  and  sevi'U  of  chai^er  seventy-nine  to  In*  tiled  with  and  nnjorded  by  the 
re^ster  of  derds.  aiid  thenotici«s  jirevioiisly  fih'd  with  and  recordnl  bythecoanty 
clerk  are  by  such  clerk  to  1h'  turned  over  to  tin?  rej^ister  of  deeds  of  his  (^nnty  for 
HK'ord  by  such  r«*gister. 

Skc.  lOT.  UjH>n  the  ^Kissii^^e  and  taking;  cifect  of  this  acrt  the  county  clerk  of 
any  c<nnitv  wiKTein  lias  been  provide<l  a  n -cord  of  a])pro|iriation  of  water,  and 
)r<M)f  of  tlie  {Misting  of  notices  tluTeof,  as  rcqiiin-d  by  s^'ction  live  of  clia|iter  one 
mndn'd  and  fiftei^n  of  tliehiwsof  \ssi\  (^cctitm  five  of  chapter  seven tv-eight  of 
this  work),  shall  forthwith  turn  over  tin'  same  to  tin?  re^isti'ri»f  d(M>(LM  of  said 
county;  and  such  notices  and  ]>r(M>f  of  iH)stiii;<  thereof  shall  be  rcconlcd  by  the 
rejifister  of  deeds  of  any  such  c^ounty,  instead  ot  by  the  comity  clerk  thereof;  and 
hereafter  any  iH*rs< in,  (rompany,  or  corjHM'at ion  |K>sti7ivC  aiiyn<»tice  of  the  appro- 
priation of  water  from  any  soiirce  shall  s|H*cify  the  aiiiouTtt  appropriat^Kl  in  cable 
feet  iM-r  si'cond,  instead  of  int^hes.  measured  lindiT  a  four-inch  iiressurc,  as  here- 
tofon*  recpiired. 

Work  iiiiiHl  ho  iirimooiifod  ^^'^^-  ^'  ^^'i^^""  ^^^^  days  after  the  notice  la 
work  '"""^J  .»«  If«^^^^  lK,sted  tbe  claimant  must  ommence  the  excava- 

nniiuiiii,(iu<.  jj^,,j  ^^j.  <.,„istnictin7i  of  the  works  in  which  snch. 

claimant  intends  to  divert  the  water,  and  must  i)rose«.ute  tin'  work  diligently  and 
uninterrupted  11  y  to  comph^tion,  unh*ss  interrui)t»d  by  stress  of  wi*ather.  By  com- 
ph^tion  is  meant  condut^ting  the  water  to  the  place  of  its  intended  ust*.*  By  a 
com])liancc  with  the  abovt*  rules  the  claimant's  ri>;ht  to  th»^  use  of  the  water 
relates  back  to  th»»  time  the  notice  was  j)ost<Ml.  A  failure  to  comply  \vith  snch 
ruh's  sliall  deprive  the  claimant  of  the  right  to  the  use  c»f  the  water  "as  against  a 
Hubs(M|uent  chiimant  who  complies  then*with. 

f  Willi  III  iAHlniior  iif  irriiriiiifiii  ^*'^'-  •^''  '^'"'  investigation  of  the  two  sciences  of 
toiiiiiil88loiier  or  irrlgalloii.  f,,restr>'  and  irrigation  shall  Ik*  cont huuMl  undcT one 

commissioner,  whose  official  title  shall  1h»  **  commissioner  of  f«)restrv  and  irriga- 
tion."  who  shall  1m»  api>oint(Ml  by  the  governor,  by  and  with  the  adviirtj  and  con* 

*Thi»  ismo<lifi(Ml  by  st?ction  U,  e\\v\\Av^T  '"i\^. 
:^6 
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sent  of  the  senate,  and  who  shall  hold  his  office  for  the  period  of  fonr  years,  sub- 
ject only  to  removal  for  cause.  Said  commissioner  shall  be  a  x)erson  who  has 
made  a  thorough  study  of  both  sciences  and  is  versed  in  practical  forestry  and 
irrigation.  The  said  commissioner  shall  have  charge  of  the  work  contemplated 
by  tibis  act,  in  addition  to  that  mentioned  in  the  forestry  law. 

CHAPTER  79.-«TORAGE  OF  WATER  AND  IRRIGATION. 
[West  of  the  ninety-ninth  degree  of  west  longitude.] 

Ttr^^Aw.  ».«v  ka  a«v«v«.^  Sec.  1.  In  all  that  portion  of  the  State  of  Kansas  situ- 
^JtAd  ^^  ated  west  of  the  ninety-ninth  meridian  aU  natural  waters, 
pnai^a.  whether  standing  or  running  and  whether  surface  or 

subterranean,  shall  be  devoted,  first,  to  purnoses  of  irrigation  in  aid  of  agricul- 
ture, subject  to  ordinary  domestic  uses;  ana,  secondly,  to  other  industrial  pur- 
poses, and  may  be  diverted  from  natural  beds,  basins,  or  channels  for  such  pur- 
poses and  uses:  Provided,  That  no  such  diversion  shall  interfere  with,  diminish, 
or  divest  any  prior  vested  ri^ht  of  appropriation  for  the  same  or  a  higher  purpose 
than  that  for  which  such  diversion  is  sought  to  be  made  without  tne  due  legal 
condemnation  of  and  compensation  for  the  same;  and  natural  lakes  and  ponds  of 
surface  water  having  no  outlet  shall  be  deemed  parcel  of  the  lands  whereon  the 
same  may  be  situate,  and  only  the  proprietors  of  such  lands  shall  be  entitled  to 
draw  off  or  appropriate  the  same. 

i»s»i.4^is»»s«^^4^4^i.^^^i»».^       Sec.  2.  The   appropriation  of   water   hereafter 

^iSl^iViri^ti^fl^^^^^^  shall  in  every  c^  \k  deemed  and  be  taken  to  be 

applied  to  beneflcial  use.      accomplished  and  effectual  only  as  to  so  much 

water  as  shall  have  been  actually  applied  to  beneficial  uses  within  a  reasonable 
time  after  the  commencement  of  the  works  by  means  of  which  such  appropria- 
tion is  intended  to  be  made,  or  afterward  where  no  appropriation  has  in  tne  mean- 
time been  initiated  by  others,  together  with  the  reasonaole  amount  necessary  to 
supply  losses  by  waste,  seepage,  and  evaporation.  All  the  residue  of  the  water 
within  the  capacity  of  the  canal  or  other  works  shall  be  deemed  to  be  derelict 
and  liable  to  appropriation  by  any  subsequent  appropriator. 
\i»4».«i  <,4«»«».o».»«v^»<.^j  Sec.  8.  Any  person  may  conduct  water  into 
Natural  streams  may  be  used.  ^^^  along  any  Sf  the  natural  streams  or  chan- 
nels of  the  State,  and  may  withdraw  all  such  waters  so  by  him  turned  into  such 
channel  at  any  point  desired,  without  regard  to  prior  appropriations  of  water 
from  said  stream,  due  allowance  being  made  for  evaporation  and  8eex)age. 

Di««^  ^*  4tv^«ot^»  «.»«!..»  Sec.  4.  In  case  the  channel  of  any  natural  stream 
Place  of  diversion  may  be    ^^^^^  ^^^^  ^e^^^^  ^  ^^^  down,  lowered,  turned 

cnangea.  aside,  or  otherwise  changed  from  any  cause  as  to 

prevent  any  ditch  or  conduit  for  the  diversion  of  water  from  receiving  the  proper 
inflow  of  water  to  which  it  may  be  entitled,  the  proprietors  of  such  ditch  or  con- 
duit may,  within  a  reasonable  time  after  such  change,  extend  such  ditch  or  con- 
duit to  such  stream,  or  along  the  course  thereof,  or  mav  erect  a  dam  or  embank- 
ment for  turning  water  into  the  same;  and  the  right  of  such  proprietors  to  take 
water  from  such  stream  through  such  ditch  or  conduit  as  so  extended,  to  the  same 
amount  and  during  the  same  period  as  prior  to  such  change,  shall  be  of  the  same 
priority  as  before  such  extension:  Provided,  That  no  such  extension  shall  be 
allowed  in  such  manner  as  to  interfere  with  the  operation  or  enjoyment  of  any 
other  ditch,  conduit,  or  other  works  for  the  diversion,  conveyance,  or  storage 
of  water. 

anV4^A»»»»A»»  ^^^^^  «.««^       Sec.  5.  Waters  flowing  in  well-defined  subter- 
Subterranean  wa^^^  may    ranean  channels  and  courles,  or  flowing  or  standing 
De  appropriatea.  ^^  subterranean  sheets  or  lakes,  shall  be  subject  to 

appropriation  with  the  same  effect  as  the  water  of  superficial  channels;  and  no 
person  shall  be  allowed  by  drains,  ditches,  fountains,  subterranean  galleries,  or 
other  works  to  collect  and  divert  percolating  waters  manif estlv  supplying  such 
subterranean  supplies,  to  the  prejudice  of  any  prior  appropriator  thereoi:  Provided, 
That  nothing  in  this  section  contained  shall  be  so  construed  as  to  render  any  person 
liable  in  damages  for  the  diversion  or  obstruction  of  the  flow  of  subterranean 
waters  by  lawfully  excavating  for  cellars,  or  for  mining,  quarrying,  or  carrying 
on  like  works  on  ms  own  lands,  nor  for  excavating  drains  for  draming  and  improv- 
ing his  own  lands,  nor  so  as  to  prohibit  the  proprietor  of  any  lands  from  sinkine 
wells  therein,  and  thereby  collecting  the  waters  percolating  through  lands,  and 
by  means  of  pumps,  buckets,  and  other  appliances  withdrawing  the  same  for 
beneficial  uses  on  ms  own  land:  And  promdea  further.  That  any  approuriaticMv^xs.^ 
diversion  of  subterranean  waters  which  ainipVy  Xonvcy  «^  >N«i\fcT  \«^^^«^K^ass'Q5^VQ. 
fact  ex2ian8ting  or  seriously  diminishing  the  actual  axkSk.  Tiw^i^  «q:<^'s^^  '^^  "^*^ 
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prior  appropriator  for  domoBtic  or  other  beneficial  uses  nhall  not  be  oonflidered  mn 
unlawfal  appn)i)riation  or  divendon  thorcNif. 

Sec.  6.  No  iK'rHon  nliall  In;  iiennitted  to  takt*  or  appropriate  the  waters  of  any 
subterranean  unpplv  which  naturally  dlHC'liarge  into  any  8uperficial  stream,  to  the 
prejudice  of  any  prior  appn>priator  of  the  water  of  Huch  suiierficial  channel. 
-Dt»i«4c    «r    «««««  4..   ..«4«         Sk^''  7.   Every  i>erHon  coinplyiuK  witi  the  pPO- 
^^       J^Ll^i^J     *  viHionKofthi8a<-t,andapplyinKthewatersobSJSS 

Hian  wBierM.  ^^y  meaiiM  of  any  artej^ian  wpU  to  beneficial  uses, 

sliall  }>e  deemed  ta  have  appropriated  Huch  waters  to  the  extent  to  which  the 
same  Hhall  bi'  so  applied  within  a  n^asonable  time  after  the  commencement  of 
the  work8«  and  hucIi  appn)priation  Hhall  liave  efftH^t  aH  of  the  day  of  commence- 
ment of  Hnch  works  providtnl  the  H«inie  is  proMvuttMl  with  reasonable  diligence; 
otherwise,  from  the  time  of  the  application  of  the  waters  thereof  to  beneficial 
uses. 

Di»i.iu  .i..»^»<i  <...  ».^..«i»..  ^K*'-  *^-  Any  prior  right  of  appropriation  shall 
Rights  <««Knd  on  contlnii-    ^.^^^  ^^^^^  continu..  only  liy  the  Sierdse  thereof  in 

ons  use.  ^  lawful  maniMT,  and  any  failure  of  such  appro- 

Sriator  continur>usly  t«)  ajmly  such  water  U>  lawful  and*  lieiieflcial  uses,  wiuioat 
ue  and  suiiicient  cause  shown  for  such  failure,  shall  be  deemed  an  abandon- 
ment and  surrender  of  sni^li  riKht. 

4....».v»^i^«i....M  u..Ki.^.«  ««  Stx.  1».  Every  v«'sted  rifcht  of  prior  appropriation 
"^^ ''?,KVl*"?  Ik  ^  u^^^^^^  (»r  diversion  o^  water  for  indnitrial  i^  &all  be 

oniinoni  aoniain.  Kubject  to  the  ri«ht  of  i.iiiin«-nt  domain,  and  maybe 

condrnmed  and  comixnisattMl  for.  for  iniblic  and  lM*neticial  uses,  in  the  same 
manner  and  und«T  tlit^  same  rest lictions  and  n 'filiations  as  ^)veni  the  condemna- 
tion of  otlier  ])rivate  i)roiM?rty. 

Skc.  11.  Any  iNTHon  may  at  any  tini<'  tak«*  watrr  from  any  natural  stream  or 
o^H'ii  dit<'h,  coiifinit,  or  reservoir  at  anv  public  road  <'rossin>;.  or  at  any  place  upon 
his  (»\VH  lands.  <»r  uiKintlu^  lands  of  otfn*rs,  ])y  lic«*nsiMif  the  propriet^ir  thereof,  or 
without  su<']i  license  w}i«*rt>  sudi  lands  arruninclosiHl  and  uncultivatiKl,  for  filling 
IwiriM'ls  or  othor  vess«»ls  fr)r  his  dtancstic  us«'s. 

Rlirht  to  Hinrt"  wiiIpi*  ^'''**  ^'^-  -^"yi«Tw»n*'n  titled  to  the  use  of  water  for  the 
ni^iii       r«u  ri.  nui«-r.    in-ijrHtion  of  lands  or  otluT  i»uriH»s4«s  wluitHo<»ver  may,  at 

any  tinif  while  so  entitled  to  thr  us«*  th(>r«*of.  rolliM-t  and  stor4>  the  saime  up  for 

ns4t  ]>res«'nt.lv'  thereafter,  and  t1i<>  failure  to  a]>])1y  or  ns<*  sncOi  waters  during 

th<*  jH'riod  ot  such  collection  and  storap*  sliall  not  1n'  d«*«'ni(rd  or  taken  to  impair 

his  ri«;1it  in  that  Iw^half . 

uri.  ..  ^  .1       r  .I..I.4  ...«^4i         ^yir.  11.  Any  imtsou  transferrini?,  scdling,  lea^ 

t    1e    ali;.,,^^^^^^^^^^^^^  "^^''  '^-^^'^""K.  <'r  lK.rK.iininK  with  roferenc^to  the 

lilies  aiiaiMloniiM  in.  transfer,  salf.  l.-as.-.  or  assiKunient  of  any  water,  or 

any  rij^ht  In*  may  hav«»  acquin-d  to  tin*  iis<'  tln'm»f,  and  any  jM-rson  nHreivingany 
nion<*y  or  other  valualih?  thin^  whatsoever  in  cnnsideratiitn  of  the  ]iroratingor 
rotatin^^ot'  water,  or  iufonsid<-ratii»n  of  liisa^'tH-nient  toprorate  or  rotate  water* 
sliall  1h>  de<'iii«>d  and  taken  to  have  ahandoiu>d  all  ri^ht  to  the  ns4*  or  enjoyment 
of  such  water:  ])rovided.  liowevta*.  sucli  ahinidounicnt  sliall  not  o]NTat4)  to  the 
prejudice  of  tlie  ri;;lits  of  any  iucuniltnincer  or  cipiitalile  o>vii«-r  of  the  landa* 
mill.  inaiMifaetory.  or  <itlier  wt>rks  to  whicli  such  wati-r  is  ap^nirtenant. 
N(»TK. — S4!ction  lift«*<*n  is  .similar  to  s4'('(ioii  niin'. 

w..««i.  WI...I1  h/.  i.........4o<i  In       •*^''<'-  -^'  l^^*hill^>eth«Mlutyof  thesuiM'rintendent 

Water  sliall  be  pror  ited  in    ,,^  ..wrvsu.hditeh.  conduit,  or  reserve  »*ir  to  measure 
lime  Of  scarcM}.  ^^^^^  Wter  therefrmii  tlnouj,']i  tiie  nutlets  to  those 

entitled  thereto,  and  in  time  of  s<-arrity  to  ap]M>rti"n  the  wat<'r.s  llnwinj^  in  such 
dit^'h  or  conduit  or  colliH'ted  in  surlirewrvoiranionjr  Ihosr  entitled  thereto  ratably, 
and  according?  to  the  amounts  to  wliii-h  tlu*y  Jirr  s»'V»-rally  entitled.  Where  any 
sm'hditeh,  comluit,  «)rn<servoirliatli.  subsequent  to  theori;;in;il  construction  been 
enlarj^t'd,  tlie  water  «liverhMl,  colhH't<*d,  c-onveyed,  or  stored  by  iin'ans  of  such 
enlarj^f'iui 'lit  sliall  be  distributed  and  npiMirtioned  in  likf  nianiirr.  The  s(*veral 
c^msuniers  of  water  under  anv  lateral  may  at  any  time,  bv  a  vote  of  a  majority 
thereof,  api>oint  a  su]M'rintendent  to  sueh  lateral,  who  sha^ll  Im-  eliar^t'd  with  the 
distribution  of  the  water  allott«*<l  thereto  by  the  suiM*rint«'nd»iit  of  t  he  ditch  among 
tho.so  (>ntitled  to  the  use  of  water  from  such  lateral.  A  nieotinj;  nuiy  at  anytime 
\h^  called  hy  not  Irnn  than  two  of  the  consumers  under  such  lateral,  by  notice)  in 
writing,  six'infjinj?  the  time,  ])lace,  and  j)ur]K>se  thereof,  f(»r  ♦■leetin«^'  such  super- 
int<'ndent.  or  removing  him  and  a])))oiiitin|^  another.  Such  suiit-rintendent  snail 
hold  his  ol!ice  during  the  ]deasun*  of  the  consumers  of  water  froni  such  latersil,  or 
a  majority  of  them,  and  shall  receive  (mly  such  siilary  or  cumixrubation  as  they 
may  axipoint. 
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«r- ^ u^^A  ««♦«„  «.«-  K«       Sec.  29.  The  waters  of  the  several  streams  and 

When  head  ga^8  may  he    Bonrce8.of  supply  shall  be  distributed  among  the 
ciosea.  several  canals,  ditches,  conduits,  and  other  works 

so  that  the  proprietors  of  each  of  said  works,  and  those  entitled  to  water  there- 
from shall,  as  nearly  as  may  be  and  to  the  extent  of  their  needs,  at  all  times  receive 
and  enjoy  the  waters  to  which  they  are  severally  entitled;  and  whenever  it  shall 
apx)ear  that  there  is  flowing  into  any  such  works  water  to  which  the  proprietor 
of  any  other  such  works  having  a  prior  right  is  entitled  and  that  such  other  works 
having  priority  of  right,  is  not  receiving  tne  water  necessary  for  the  consumers  of 
water  therefrom  ana  which  ou{?ht  to  flow  to  the  same,  the  head  gate  of  such 
works  having  the  excess,  and  bemg  subsequent  in  right,  shall  be  closed,  or  i)artly 
closed,  so  that  a  sufficient  amount  of  water  of  such  stream  or  source  of  supply 
may  i>a8s  and  flow  to  the  said  works  havins^  the  priority  of  right  to  the  amount 
to  wmch  the  same  shall  be  entitled;  and  if  the  nronrietors  of  any  such  w^rks  hav- 
ing euch  excess  and  being  subsequent  in  right  Euiall  fail  or  refuse  to  turn  out  such 
supply  of  water  when  requested  oy  the  party  entitled  to  receive  the  same  so  to  do, 
the  bead  gate  or  waste  gate  of  the  works  receiving  such  excess  shall  be  so  set  and 
locked  by  the  officer  authorized  by  law  to  perform  such  duty  as  to  permit  a  suffi- 
cient amount  of  said  water  to  "p&sa  and  flow  to  the  x)arty  having  the  right  to  receive 
the  same. 

i»^»^.4<.  ^9  »««^<.<»»  «,«.iio  Sec.  80.  Any  person  sinking  or  boring  for  an 
Kecoras  or  artesun  wells.    artesian  well  shall  cause  to  be  kept  thereat  a  record 

of  the  work,  setting  forth  the  name  and  post-office  address  of  the  proprietor  of 
such  well,  or  of  the  person  causing  such  well  to  be  sunk  or  bored,  the  name  of 
the  contractor  therefor,  and  the  name  of  the  person  actually  in  charge  of  the  work; 
the  particular  location  thereof,  specifying  the  particular  forty  acres  and  the  part " 
thereof  whereon  the  same  is  situated;  if  m  any  city  or  town,  the  particular  lot  or 
block  or  other  subdivision  upon  which  or  nearest  to  which  the  same  is  situate; 
the  date  of  commencement  of  work  in  sinking  or  boring  such  well  (which  may  be 
the  commencement  of  the  work  of  placing  machinery  therefor) ;  all  suspension  of 
the  work  and  the  duration  of  such  suspension;  the  time  of  completion  or  the  work 
or  final  cessation  thereof;  the  different  strata  passed  througn,  and  the  depth  at 
which  each  thereof  shall  be  reached  and  passed  as  near  as  may  be,  showing  also 
each  flow  of  water  obtained,  and  each  vein  of  water  or  water-bearing  strata  passed 
through,  and  the  depth  thereof  from  the  surface,  numbering  each  flow  or  vein  of 
water  consecutively  from  the  surface,  and  the  height  to  which  or  the  distance 
from  the  surface  the  water  rises  in  such  well  after  penetrating  each  separate  flow 
or  vein  of  water;  and  at  the  completion  of  the  well,  or  at  the  cessation  of  work 
thereon,  he  shall,  without  first  closing  or  shutting  off  the  flow  therefrom,  cause  to 
be  ascertained  the  flow  thereof,  if  a  flowing  well,  in  cubic  feet  per  second  or  deci- 
mal fraction  thereof;  and  within  a  period  of  thirty  days  next  after  completion  of 
such  well,  or  the  cessation  of  work  thereon,  the  proprietor  thereof  shall  make, 
or  cause  to  be  made,  and  file  in  the  office  of  the  register  of  deeds  of  the  county 
wherein  the  said  well  is  situate  a  statement  or  certincate,  verified  by  his  affidavit, 
or  the  affidavit  of  the  person  in  charge  of  the  work,  setting  forth  all  the  matters 
aforesaid,  the  particular  vein  or  flow  of  water  claimed  to  be  appropriated  by 
means  of  said  well,  and  the  total  amount  of  water  so  claimed  to  be  appropriatea, 
in  cubic  feet  per  second  or  decimal  fractions -thereof,  if  such  well  be  a  flowing 
well  (otherwise  the  distance  from  the  surface  at  which  the  water  customarily 
stands) ,  what  part  or  parts  of  such  well  is  or  are  cased,  and  ^e  interior  diameter 
or  diameters  of  such  casing  or  casings. 

Wafik*.  «.i».iii  4iiSna.a  <.n  «,.        Sec.  81.  Every  persou  who  Is  the  proprietor  of  or 
Water-right  fllinw  on  ar-    ^^.^^^i^  to  the  w^rs  of  any  artesikn  well  hereto- 
lesian  wens.  ^^^^  ^^^  ^^  ^^^^  ^Yi&W,  within  ninety  days  after 

this  act  takes  effect,  make  and  cause  to  be  "filed  in  said  office  a  like  statement, 
setting  forth  all  the  foregoing  matters  do  far  as  within  his  knowledge,  and  accord- 
ing to  the  best  of  his  knowledge,  information,  and  belief. 

Art^RiAn  TiriArifAA  Sec.  82.  Any  person  owning  or  controlling  any 

Ariesian  priorues.  artesian  well  may  record  such  certificate  provided 

for  in  sections  ten  and  eleven  of  this  article  (sections  thirty  and  thirty-one  of  this 
chapter)  in  any  county  or  counties  in  addition  to  the  county  wherein  such  well 
is  situated;  and  such  record  shall  be  to  all  parties  boring  or  sinking  any  artesian 
well  in  any  such  county  notice  of  the  priority  of  the  appropriation  of  water  claimed 
by  the  party  recording  such  certificate,  and  the  prior  rignt  of  such  appropriation 
may  be  enforced  as  against  any  and  all  parties  in  such  county  or  counties  having 
acquired  or  seeking  to  acquire  any  suDsequent  right  of  appropriation  of  such 
waters. 
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Sec.  44.  Tho  proprietorH  of  two  or  more  c^naln,  ditches,  renervoirB,  or  other 
workH  tukinfc  water  from  the  same  Hoiirce  of  Hnpply  may,  by  a  conaent  in  writing 
of  tlioM*  oiLtitl(>d  t4)  the  use  of  the  water  tlierefrom,  afO'^^  in  like  manner  for  tiie 
r<)t4itioii  of  the  whole  or  any  part  of  the  water  lavrf ully  allotted  from  nnch  stream 
or  Hrnirce  of  Hupplv  to  nncrh  ditehes.  conduit,  or  other  works  in  snchwayand 
iiuiuiicr  and  for  sm^h  time  an  may  \h}  in  mieh  agreement  Ki)eeified;  pronded,  how- 
ever, that  the  rotation  of  the  water  Uy  which  the  wvenil  consumers,  parties  to 
such  iiKri^mcnt,  are  (^ititled  shall  not  1m*  condui^tecl  in  such  manner  as  to  dimin- 
ish tin*,  supply  of  water  frr)m  any  otiier  ditch,  conduit,  or  other  works  (to  wluch 
such  ]>iirties  or  any  of  them)  may  In^  (^ntitle<l. 

Sec.  45.  Whenever  any  agr(*ement  shall  lie  entered  for  the  rotation  of  the 
water  of  any  ditch,  c^mduit,  reservoir,  or  other  works,  or  any  lateral  of  such 
ditch  or  (Mmduit.  or  any  part  of  sm^h  watt^r.  amtmK  those  entitled  to  the  use  of 
su(^h  water,  such  agre(*meiit.  or  one  })art  or  copy  thereof,  shall  be  delivered  to  the 
suiKTiiitondent  of  the  ditch,  conduit.  reser\-oir.  or  lat4*ral,  and  be  by  him  care- 
fully ])reserved,  and  he  shall  clause  the  water  to  which  the  iNirties  thereto  may  be 
entitltMl  to  l)e  rotate<l  and  distrihuttHl  conformably  to  the  said  agreement  dnrixig 
the  time  mentioned  therein  for  the  continuance  in'fort;e  of  such  agreement. 
Dvi.«.»  */^^u4i^M  »ia«^  ^^4  Ka  Sec.  44J.  No  agrei^ment  entered  into  between  the 
When  rotation  iiiay  not  bo  proprietors  of  any  two  or  more  canals,  ditchee, 
permiiiea.  conduits.  reser\'oirs,  or  other  works  for  the  rota- 

tion of  the  water  thereof  in  manner  as  her4*inlK'fore  provide<l  shall  Ix;  i)ermitted 
in  go  into  effect  if  it  shall  In;  manifestly  injurious  t^)  the  pro])rietors  of  otiier 
canals  or  oth<.*r  works,  or  the  consumers  of  water  therefrom:  and  if  after  experi- 
ment the  exe(^uti<m  of  kucIi  agnn'm^nt  1m*  found  injurious  to  other  }>ersonfi,  the 
furthfT  rotation  of  tlie  waters  ])ursuaiit  to  such  ]igr(H*ment  nmst  Im^  diwrontinned. 
wi.«..  »..*<.».»..»«  ft.-  -i.4..         5^K('.  47.   Tlie  proprietors  of  any  canal  or  other 

Un  marram,   lied  ^''^^^^  "''^  ^"^'^^^  **>  »^^^*^*  agrtM^ment,  or  any  oon- 

tloii  ma}  be  annulled.        „„„n.rof  water  therefrom,  shalllMjentitied  to  make 

application  to  the  judg«>  of  the  district  court  in  and  for  the  t^ounty  wherein  said 
ai)i)lic4int  shall  reside,  asking  tliat  such  agriM'UM'nt  }k>  annulU^l.  Roaaomible 
notice  of  every  such  aj)plication  sliall  Ik*  given  to  the  i>ro]>rietors  of  the  canala 
and  other  works,  parties  to  such  agnn'Tnent.  and  thi*  distri(*t  judge  may  require 
like  notice  to  1n)  given  t^)  all  others  in  interest.  Iiy  application  as  may  by  him  be 
preserilM'd.  The  i>roi)rietors  of  any  surli  canal  or  otlier  works,  or  any  consumer 
of  wat<T.  or  ]M*rson  entith^d  to  the  us4*  of  water  from  any  sutrh  works,  shall  be 
h«*ard,  and  t)i«'  distiict  judge  sliall  niak*^  sucli  order  in  the  ]>reniises  as  right  and 
justice  may  n'<iuire;  provideil.  however,  that  during  tlie  jM'ndency  of  any  flnch 
a])])lif'Htioii  th(>  vvat4Ts  aDotti'd  to  tht*  canals.  dit(^h(>H.  or  other  works,  the  propria 
tors  wlieroof  an*  parties  to  such  agi'iH?nient,  shall  1m>  distributed  and  rotated  con- 
forma])ly  to  such  agrwinent. 

wi.««  M.P-.W....4...4  r«-  ....i..         '^^K' •  ^'  No  agriKMnent  for  the  rotation  of  water 

^ul  ^..nv     W.1    Z      Ir"    ^^»»'^»  i"  »"y  """""^r  "»l»Hir  or  atfiKt  the  rightB  of 

.med     ^  '  any  prior  incumbrancer  of  lands  theretof(TO  cue- 

t*>marily  irrigated  liy  any  part  of  tlie  waters  men* 
tioned  in  sucli  agreement,  he  not  1>«*ing  a  i)arty  to  mucIi  aigre<'iiient:  nor  shall  sncli 
agre(;nieut,  or  the  rotation  of  the  wat^TS  ]>ursnaut  thereto,  in  any  manner  aJfecst 
or  iiiiiiair  the  rights  or  the  jiriority  of  right  of  the  jiarties  thiTt'to,  or  the  perflona 
using  or  entithHi  to  use  the  waters  referred  to  in  such  agreement,  or  any  or  then&i 
as  against  other  iM^rsf)Us. 

IV 1,. .p^.»««..»«4  r..^  ^«i„         J^K<^-  4i».  Whenever  any  such  agreement  for  the 

IVn     m.7«T  w  r!i?J^il^3^       rotation  of  water,  eitlier  ^M^twcM^n  or  am.mg  several 
tloi.  must  be  rec-orded.        ait.^hes,  conduits,  reservoirs,  (.r  (.ther  wJirke,  or 

among  those  entith^l  U)  the  use  of  the  waters  of  any  ditch,  conduit.  rewTVoir,  or 
other  works,  or  any  lateral  therefrom  or  any  ])art  «»f  such  water,  shall  l)e  for  a 
spa(-e  exceeding  one  season,  tht*  same  shall  Im*  re<'()rded  in  the  oHice  of  the  register 
of  de«'ds  of  the  county  wlierein  is  situate  tlieliead  gate  f»f  such  ditch  or  conduit,  or 
wlieri'in  is  situate  suc^h  res<»r\'oir  or  the  head  of  the  laU*rul. 

4  ..»«^.».i..4i....    «r  <.^»».«»^        '^^K*--  •'>^*-  The  proi)ri»*tor  of  any  lands  which  have 
Appropriation   of  seepage    ,^^.,„,^^^  HaturatJnl  by  seepage  witers  flowing  out  of 
waiers.  ^^^y  diU^h,  canal,  reservoir,  or  conduit  shall  be 

entitled  to  cut  and  opcm  drains  of  trendies,  or  lay  pijMrs  or  conduits  for  draining 
suc^li  lands  and  withdrawing  the  water  therefroni.  and  (conveying  tlie  siime  into 
any  natural  stream,  arroyo,  or  wat^T  courw*:  r)r  may  at  his  election  convey  such 
waters  to  other  lands  or  places*  whatsoever,  and  ap]>ly  the  same  U)  d(»mestic, 
agricultural,  nmnufju'turing,  or  othitr  purjH)W»s,  in  his  jilesisure. 

RiivallleH  for  water  fur  ^^'^'  ^^*  "  "'"'^^  "**^  ****  ^**^'^"^  *'*^  '^"y  l»<*r«*>n 

nuj  aim  B  lor  naur  lur-    jyjHcn'iation,  or  coriK)ration  owning  or  controlling, 

"'"'■"•  or  claiming  to  own  i^t  cm\\.TvA.,  ^i\^'  (W\v'\\,  vv>\\«\,qx 

reservoir  carrying  or  storing,  or  designed  lor  t\i«  caxT>o.Ti\i  ox  vAorvuM,,  o^Nf?^\«t 
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taken  from  any  natural  stream,  or  other  source  of  supply  within  this  State,  to  be 
carried  or  stored  and  delivered  for  compensation,  for  irrigation,  milling,  sanitary 
or  domestic  purposes  to  persons  not  interested  in  such  ownership  or  control,  to 
demand,  bargain  for,  accept,  or  receive  from  any  person  who  may  apply  for  water 
for  any  of  the  aforesaid  purposes  any  money  or  other  valuable  tning  whatsoever, 
or  any  promise  or  a^eement  therefor,  directly  or  indirectly,  as  royalty,  bonus,  or 
premium,  prerequisite  or  condition  precedent  to  the  risht  or  privUege  of  applying 
or  bargaining  for  or  procuring  such  water;  but  such  watOT  shall  be  carried  or 
stored  and  delivered  according  to  the  right  of  the  person  entitled  to  the  enjoy- 
ment  thereof,  upon  the  payment  or  tender  of  the  charges  fixed  by  the  county 
commissioners  of  the  proi)er  county,  as  is  or  may  be  provided  by  law.  Any  and 
all  moneys  and  every  valuable  thing  or  consideration  of  whatsoever  kind  which 
shall  be  so  as  aforesaid  demanded,  cnarged,  bargained  for,  accepted,  received,  or 
retained  contrary  to  the  provisions  of  this  section,  shall  be  deemed  and  held  an 
addition^  and  corrupt  rate,  charge,  or  consideration  for  the  water  intended  to  be 
furnished  and  delivered  therefor,  or  because  thereof,  and  wholly  extortionate  and 
illegal,  and  when  paid  or  delivered  or  surrendered  may  be  recovered  back  by  the 
parky  or  parties  xiaying,  delivering,  or  surrendering  the  same,  from  the  party  to 
whom  or  for  whose  use  the  same  shall  have  been  paid,  delivered,  or  surrendered, 
together  with  all  costs  of  suit,  including  reasonable  fees  of  attorneys  of  plaintiff, 
by  proper  action  in  any  court  having  jurisdiction. 

i>^»»i4«  #vv«  A^^^^Ai^^        Sec.  8^.  Every  person,  association,  or  corporation 
Penalty  for  demanding     ^^^^^  ^^  contiilflng,  or  claiming  to  own  or^ntrol, 
royaiiy.  ^^^  ditch,  canal,  or  reservoir  as  is  mentioned  in  the 

first  section  of  this  article  (section  eight  of  this  chapter) ,  any  of&cer  or  agent  of 
such  association  or  corporation,  who  shall,  after  demand  in  writing  made  upon 
him  for  the  supply  or  delivery  of  water  for  irrigation, manufacturing,  milling,  or 
domestic  purposes,  to  be  deuvered  from  the  ditch,  canal,  or  reservoir  owned, 
possessed,  or  controlled  by  him,  and  after  tender  of  the  lawful  rates  of  compen- 
sation therefor  in  lawful  money,  demand,  require,  bargain  for,  accept,  or  retain 
from  the  party  making  such  application  any  money  or  other  thing  of  value,  or 
any  promise  or  contract  or  any  valuable  consideration  whatever  as  such  royalty, 
bonus,  premium,  prereciuisite,  or  condition  precedent,  as  is  by  the  provisions  of 
the  first  section  of  this  article  prohibited,  shall  be  deemed  guilty  of  a  misde- 
meanor, and  on  conviction  thereof  shall  be  punished  by  a  fine  of  not  less  than  one 
hundred  dollars  nor  more  than  five  thousand  dollars,  or  imprisonment  for  a  term 
of  not  less  than  three  months  nor  more  than  one  year,  or  both  such  fine  and 
imprisonment,  in  the  discretion  of  the  court. 

iiioi^«.i«.f  <./^«.*4c  h«vA  i^w^ia  Sec.  103.  Exclusive  jurisdiction  for  the  ascer- 
a{  if^  couriB  nave  juris-  tainment  and  settlement  of  the  several  rights  and 
DrtoritieL  ^<^*<*™^»*'*8^  priorities  of  right  of  persons  interested,  ather  as 
prion  lies.  carrier  or  consumer,  in  water  at  any  time  appropri- 

ated is  hereby  conferred  upon  the  several  district  courts  having  jurisdiction 
within  the  limits  prescribed  oy  this  act;  and  the  judge  of  any  such  district  court 
may,  whenever  necessity  therefor  shall  arise,  appoint  a  water  bailiff,  commission- 
ing him  under  the  seal  of  the  court  of  the  county  wherein  said  judge  shall  at  the 
time  be,  ordering  and  empowering  such  water  bailiff  to  prevent  the  waste  of  water 
from  any  artesian  well,  or  the  unlawful  use  thereof,  or  from  the  artesian  wells  of 
any  district  by  any  person  or  persons,  and  to  enforce  priority  of  right  of  appro- 
priation of  such  waters,  or  to  demand  and  receive  any  key  or  keys  to  any  liead 
gate  or  head  gates,  waste  gate  or  waste  gates,  or  any  other  works  in  this  act  speci- 
ed,  and  to  safely  keep  the  same  so  long  as  shall  be  necessary  to  carry  out  the 
orders  of  said  court  (returning  the  same  thereafter  to  the  owner  or  owners  thereof 
or  disposing  of  the  same  according  to  the  order  of  the  court) ,  and  to  divide  the 
waters  of  any  source  of  supply  according  to  the  rights  and  priorities  of  the  piu-ties 
entitled  to  receive  the  same,  and  conformably  to  the  order  of  said  court,  and  to 
open  or  close  any  such  head  gate  or  waste  gate,  or  fill  any  such  canal  or  ditch  as 
may  be  required  to  enforce  the  orders  of  such  court  under  the  provisions  of  this 
act  re8i)ecting  the  distribution  of  water  to  the  parties  lawfully  entitled  to  receive 
the  same.  Such  water  bailiff  shall  be  by  said  order  authorized  and  empowered  to 
employ  such  assistance  as  may  be  necessary  to  discharge  his  duties,  and  shall 
receive  a  comx)ensation  of  two  dollars  per  day  for  each  aay  actually  and  neces- 
sarily employed  in  executing  the  orders  of  said  court,  and  all  expenses  necessarily 
incurred  m  the  discharge  of  his  duties,  to  be  paid  on  the  certificate  of  the  district 
judge  by  the  board  of  county  commissioners  of  the  county  wherein  such  services 
were  rendered  and  such  expenses  incurred,  such  service  and  expense  being[  appor- 
tioned and  certified  by  said  district  judge  to  the  county  or  several  cA^sx^<eie^<:^T^- 
cemed. 
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WATER  LAWS  OF  MONTANA. 


CONRTTTITTION  A I  j  PRO  VIRIONS. 


Tlip  nso  of  all  water  now  iippropriatpd.  or  tliat  may  liereafter  het  appropriated, 
for  Kal«N  ri»ntal,  diHtrilmtion,  or  otnt»r  Ix^netirial  iiw,  aiwl  thr  riKht  of  way  over  tbe 
lands  of  othorH  for  all  ditclu'H,  drains,  flunu>H,  canalH,  and  a(]iitMluetH,  neceflsuilv 
atHHl  in  (U)nn<H*tion  th<^n>with,  an  wtdl  as  the  nitcs  for  rt^M^rvoirH  mxreHNury  for  ool- 
lectin^  and  tstoring  tho  tuime,  Bhall  bu  held  to  bu  a  public  use. — ^Art.  Ill,  sec.  UL 

STATUTORY   KXACTMENTS. 

All  the  Montana  laws  on  the  Hubj<H*t  of  irrigation  arc  found  in  tho  civil  code 
of  tlui  Rt'viwKl  SUitutc'K. 

uitrhttt  tiiuv  111.  »tuin\roA  iiv       ^^'^'  ^^^^'  '^^^  "^'***  ^^  ^^^^^  ^^  ^^  running  water 
KIjrhtK  n  ay  lie  a<  I  ilrod  iiy    fl^^.j^j,  ^„  ^,,,,  rivtrs,  stnaiiis,  canycmH,  and  ravines 
appropriaiion.  ^^^  ^j^^^  ^^.^^^^  „j.^y  ,^,  urtniinHl  by  appropriation. 

MiiHf    h«i  fur  HiiinA  muifiil       **^'*^-  ^^'^^'  '^'*"'  Hi>propriatit)n  must  bo  for  some 
iiiriins™  nsi.fnl  or  iH.n.fi.ial  puriH>s«'.  and  whon  the  appro- 

■      '       *  lu'iator  or  his  siu-rrssor  in  int«'n»st  almndona  and 

ivas(*s  1^)  iis<»  the  water  for  sucii  imrjHJsi'  th»»  ri^ht  ci'as^'s:  Imt  (jUOstionHof  aban- 
doiniKmt  stiall  be  qu<*stionM  of  fact,  and  shall  Im^  dcteriuimMl  as  other  qucfltionB  of 
faet. 

PIiu*i»  iif  fiivf^iMimi  »iiil  imo       ^^'^'-  '^^^*''  The  iM'Tson  «ntithMl  to  the  UHt»  of  water 
miixh]^^^^^  ""^y  ^■^»">*^'"  <^>'*  1»»'"*' "^  diversion, if  othernare  not 

mil}  iM  c  iianfrc  «l.  tlnTi-by  injnn-d.  and  may  extend  the  ditrh,  flume, 

)>ilH>.  or  sujurdiiet  by  whieh  tin'  div«'rsii)n  is  niadi*.  to  any  place  otiier  tlmn  wheze 
the  first  nsi^  was  niadr.  and  may  use  the  water  for  otheV  purposes  than  that  for' 
whieh  it  was  originally  ai)propriated. 

V  »K.  4  .  .114  ./  41..-  ^i\i'.  Is><o.  The  water  a  pprojiriated  niav  bo  turned 
May  I>o1iirii.>dii1o  another    j,,,,,  ^,,..  ,.,,.„„„.,  ^^  „„„|i',..,.'rtr,,„„  ami  mingled 

with  its  waters,  and  tlien  be  nvlaimed;  but,  in 
re<*laimin^  it,  water  already  a])i)r<ipriated  by  aiiiUher  must  not  1n>  diminished  in 
(piantity  or  det<.'rii)rated  in  quality. 

^   _  ,   *  4  ,      «  i    «.    .1        Skc.  iss|.  In  all  cases  where,  bv  virtue  of  prior 

Surplus  iiiiistlM.  rHuniHl    i,i,,,,opnation.  an  v  person  may  have  diverted  all  the 
10  ine  Hin*ani.  waterof  any  stn'ani.or  fo  sueh  an  exti-nt  that  there 

shall  not  be  an  amount  sufficient  left  therein  tor  tlnoe  having  a  subsequent  right 
to  the  waters  of  such  stream,  and  there  shall  at  any  time  Im-  a  surplus  of  water 
so  divertird.over  and  above  what  is  actually  used  l»y  tin-  prior  appropriator,  8UCh 
person  shall  be  required  to  turn  and  to  cause  to  tli»w  liack  into  the  stream  such 
hur])lus  water,  and  u])on  failun*  so  to  do,  within  live  <lays  after  demand  being 
made  iijHni  him  inwritin^^byauy  i)erst»n  havin;;  a  ri;^ht  to  the  u>e of  such  surplus 
water,  tlie  ih.tsou  so  divttrtm;^  the  siime  shall  Im- lia))le  to  the  jierson  a^c^^eved 
thtfrebv  in  the  sum  of  twent.y-tiv(?  dollars  for  eacli  and  evrry  «lay  such  water  tshall 
be  withheld  aft<jr  such  notice',  to  1m*  nnrovt^red  by  civil  action  by  any  person  hav- 
I    ■    i  injr  a  right  to  the  use  of  such  surplus  water. 

'  VI     «  I    41       a^  4 1.. 1 .1.4         Sk(;.  IHS.").  As  Ix't  Ween  appropiiati»rs  the  one  first 

...  First  In  tlni«  flrntln  ri>rh1.    i„  time  is  first  in  ri«ht. 

•   :  .!  \  n.      flip  1  riftti  Skc.  l^<Hl^.  Any  person  hereafter  dcMrin;.?  to  apiiro- 

a'>ouc*o  oi  appropriaiion.     prijit(»  water  must  iM)st  a  notice  in  writing  in  a  con- 

■   *■  ij  spi(*uous  ]»lace  at  tluj  ]nnut  of  inttjnded  divtTBions,  stilting  tlieriMn  : 

I   J  ■;  1.  The  immlKT  of  in(;hes  claimiMl,  mejisured  as  Ikt* -in after  i>iovided. 

I    .  2,  Tho  puriM>st)  tor  which  it  is  claimed,  ami  place  of  intendid  use. 

:{.  The  means  of  diversion,  with  size  of  flume,  ditch,  iniKsur  aqueduct  by  which 
he  intends  to  divtui;  it. 
4.  The  date  of  apjiropnation. 
T).  Tlu*  name  of  the  appropriator; 
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Within  twenty  days  after  the  date  of  appropriation  the  appropriator  shall  file 
with  the  county  clerk  of  the  county  in  whicli  such  appropriation  is  made  a  notice 
of  appropriation,  which,  in  addition  to  the  facts  required  to  be  stated  in  the  posted 
notice,  as  hereinbefore  prescribed,  shall  contain  the  name  of  the  stream  from 
which  the  diversion  is  made,  if  such  stream  have  a  name,  and  if  it  have  not,  such 
a  description  of  the  stream  as  will  identify  it,  and  an  accurate  description  of  the 
point  of  diversion  on  such  stream,  with  reference  to  some  natural  object  or  per- 
manent monument.  The  notice  shall  be  verified  by  the  afiidavit  of  the  appropri- 
ator, or  some  one  in  his  behalf,  which  affidavit  must  state  that  the  matters  and 
facts  contained  in  the  notice  are  true. 

iMT^.ir  n...<.4  v«  «.»^o»»»4^^4  Sec.  1887.  Within  forty  days  after  posting  such 
.!?ih  .im^^nf''"*®*  notice  the  appropriator  must  proceed  to  pro'Ucute 
wun  aiugrence.  ^j^^  excavation  or  construction  of  the  work  by 

which  the  water  appropriated  is  to  be  diverted,  and  must  prosecute  the  same  with 
reasonable  diligence  to  completion.  If  the  ditch  or  flume,  when  constructed,  is 
inadequate  to  convey  the  amount  of  water  claimed  in  the  notice  aforesaid,  the 
excess  claimed  above  the  capacity  of  the  ditch  or  flume  shall  be  subject  to  appro- 
priation by  any  other  person,  in  accordance  with  the  provisions  of  this  title. 

vio.hi  ♦**  Aafix  r^-*tt,  n/^a«in«»  Sec.  1888.  A  failure  to  comply  with  the  provision 
Right  to  ^ftt^^  [[««»  posting    ^f  ^j^g  ^i^^^  deprives  the  appropriator  of  the  right 

.  to  the  use  of  water  as  against  a  subsequent  claimant 

who  complies  therewith;  but  by  complying  with  the  provisions  of  this  title  the 
right  to  the  use  of  the  water  shall  relate  back  to  the  date  of  posting  the  notice. 

Hi^Aw^A  «S4h  ^.vnM^v  ^iA«.ir  Sec.  1889.  Persons  who  have  heretofore  acquired 
Kecora  mm  county  clerK.    ^^^^^  ^^  ^^^  ^^^  ^^  ^^.^^^  ^^^^^  within  six  months 

after  the  publication  of  this  title,  file  in  the  office  of  the  county  clerk  of  the  county 
in  which  the  water  right  is  situated  a  declaration  in  writing,  except  notice  be 
already  given  of  record  as  rec][uired  by  this  title,  or  a  declaration  in  writing  be 
aheady  filed  as  required  by  this  section,  containing  the  same  facts  as  recjuirea  in 
the  notice  provided  for  record  in  section  eighteen  hundred  and  eighty-six  of  this 
title,  and  verified  as  required  in  said  last-mentioned  section,  in  cases  of  notice  of 
appropriation  of  water;  provided,  that  a  failure  to  comply  with  the  requirements 
of  this  section  shall  in  no  wise  work  a  forfeiture  of  such  heretofore  acquired 
rights,  or  prevent  any  such  claimant  from  establishing  such  rights  in  the  courts. 
u^«.i.«^i  «.«!».»  *..«««  ««:  Sec.  18i)0.  The  record  provided  for  in  sections 
Record    prima    facie    evi-    eighteen  hundred  and  eigky-six  and  eighteen  hnn- 

dredland  eighty-nine  of  this  title,  when  duly  made, 
shall  be  taken  and  received  in  all  courts  of  tnis  State  as  prima  facie  evidence  of 
the  statements  therein  contained. 

dva^a*.  «.s».h4  ^w>^^^A,,^^  t»  Sec.  1891.  In  any  action  hereafter  commenced  for 
nHfiioAi^S?  the  protection  of  rights  acquired  to  water  under 

aisirici  eouri.  ^^^  ^^^^  ^^^  ^j^-^  g^^  ^^^  plaintiff  may  make  any 

or  all  persons  who  have  diverted  water  from  the  same  stream  or  source  parties  to 
such  action,  and  the  court  may,  in  one  judgment,  settle  the  relative  priorities  and 
rights  of  all  the  parties  to  such  action.  When  damages  are  claimed  for  the 
wrongful  diversion  of  water  in  any  such  action,  the  same  may  be  assessed  and 
apportioned  by  the  jury  in  their  verdicts,  and  judgment  thereon  may  be  entered  for 
or  against  one  or  more  of  several  plaintiffs,  or  for  or  against  one  or  more  of  several 
defendants,  and  may  determine  the  ultimate  rights  of  the  parties  between  them- 
selves. 

In  any  action  concerning  joint  water  rights,  of  joint  rights  in  water  ditches, 
unless  partition  of  the  same  is  asked  by  parties  to  the  action,  the  court  shall  hear 
and  determine  such  controversy  as  if  the  same  were  several  as  well  as  joint. 

tf^i  A-ir  »ina4  iro«.» «  ^^^^w.A  Sec.  1892.  Thc  couuty  clerk  must  keep  a  well-bound 
,i.ierK  musi  Keep  a  record,  ^^^^^j^  -^  ^j^-^j^  ^^  ^^^^^  record  the  notices  and  decla- 
rations provided  for  in  this  title,  and  he  shall  be  entitled  to  have  and  receive  the 
same  fees  as  are  now  or  hereafter  may  be  allowed  by  law  for  recording  instru- 
ments entitled  to  be  recorded. 

iir»»»A»^r...»»o.,..i»»  Sec.  1893.  The  measurement  of  water  appropriated 
Manner  or  luensurlng    ^^^^j,  ^j^-g  ^.^^^  ^^^^^  ^  conducted  in  the  following  man- 

ner :  A  box  or  flume  shall  be  constructed  with  a  head  gate 

S laced  so  as  to  leave  an  opening  of  six  inches  between  the  bottom  of  the  box  or 
unie  and  lower  edge  of  the  heiid  gate,  with  a  slide  to  enter  at  one  side  of,  and  of 
sufficient  width  to  close  the  opening  left  by  the  head  gate,  by  means  of  which  the 
dimensions  of  the  opening  are  to  be  adjusted. 

The  box  or  flume  shall  be  placed  level,  and  so  arranged  that  the  stream  in  pass- 
ing through  the  ajierture  is  not  obstructed  by  backwater,  or  an  edAv  ^VifeVos^  \Xsa 
gate;  but  before  entering  the  ()i)ening  to  be  mea»\xx^d\.\ife  ^\;t%«iji£L  ^wai2J^\s^>2kX«^^^ 
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to  an  (*<l(ly«  aud  shall  Htniid  thrti*  i]i(*hcs  ontlu'  Iioiul  ^at(*  and  alMwe  the  top  of  the 
opf^iiiii^.  The  TiiimlMT  of  sijuaiv  incheK  coutaiiie<l  in  the  oiicuing  HhalTbethe 
nu^asnn*  of  imrhes  of  watvr. 

Sulo  of  KiirnliiH        ^^'^'  ^^'^^'  '^^''  P**'*^'^  having  the  ri^ht  to  use,  sell,  or  di»- 
'  IK)H(;  of  wator  and  cnpi^r*^  in  usinjj,  8<»lhn^,  or  difqiosiiijaf  of  the 

Kaiu(*,  who  has  a  snn^lns  of  wator  not  umnl  or  sold,  or  any  ihthoh  liaving  a  aor- 
pluH  of  wiitcr  and  th(>  li^ht  to  s<.>ll  and  dispos<>  of  tht*  same,  is  ref|uired,  upon  the 
l)ayni«'nt  or  tfn(l«>r  t^)  the  imtmhi  ontithMl  tlicrcto  an  amount  oiiaaX  to  the  nsnal 
and  (Mistomary  ratfs  jmt  inch,  to  c^mvi'y  and  d«'livtT  t^»tho  ])erson  such  surplus  of 
unsold  water,  or  so  mucli  th('n'«)f  for  wliifh  said  paymi^nt  or  tender  shall  have 
lK.H*n  made,  and  shall  r(mtinn«'  so  to  (*onv(*y  and  deliver  the  same  weekly,  so  Ionic 
as  said  surplus  of  uuutied  or  unsold  water  exists  and  said  i)a>iuent  or  tender  be 
made  as  aforesaid. 

PiirehaHor  of  hiifi 
bnilU  ehuune 

***""*•  essjiry  fhmies  or  ditt-hes  to  ret^eive  and  convey  the 

surplus  water  sod(^ired  hy  him.  autl  ]iay  or  ten(h*r  to  the  ]Nir8on  liaviug  the  right 
to  the  use.  siile,  or  disposal  thentif  an  amount  (Mpial  to  the  noc^cssary  cost  and 
exiH^nw*  of  tap])inK  any  ;^uleh,  stream,  reservoir,  ditch,  flume,  or  aqueduct  and 
putting  iu  pites.  pluses,  or  other  ]>roiH>r  ami  necessary  a)ii>lianceK  usual  and  com- 
t4>mary  in  such  cast's,  and  until  the  same  sliall  he  so  done,  the  delivery  of  the  said 
sur|)lus  water  shall  not  1m»  re«]uire<l  as  ])rovided  in  th<*  i)re<'edinK  WK^tion. 
M..V  »..r....<w.  -Lriiiu  is.  ......        ^'••^  •  ^^■**'*-  '^"y   IM*'*^""  constructing  the  neces- 

^      M.nl  InvuU^l     *  ^'^y  •li***^^*^'  atineducts.  or  flumes,  and  makinK  the 

(nasi  Miir|Miis.  iKivments  or  tenders  hereinln'fon'  provided,  is  enti- 

tled to  the  US4'  of  so  much  of  t!ie  siiid  su r phis  watt T  !is  s;iid  ditches.  flumoH,  or 
aqueducts  have  the  capacity  to  carry,  and  for  whicli  ] payment  or  t-4!nder  is  nukde, 
and  may  institute  and  maintain  any  it]>pri)])nate  action  at  hiw  of  in  (Npiity  for  the 
enforcement  of  sucli  rii^ht  or  recovery  nf  dama;ces  arising  from  a  failure  to 
delivtT  or  wron;rful  diversion  of  the  same. 


uirnliiH  miiHt       ^^'^*'  ^^*^'  ^^^^  ix^rwm  desiring  to  avail  himself 

el  lo  eoMvev    "^  *^***  provisions  of  the  pr<H*edinK  section,  must,  at 

I  oiMi  J    jji^  ^^^^,jj  j.^^^^  j^jj^i  exiM*ns<>.  construct  or  dig  theneo- 


l>..-<.l...w»r  <.r  wtirt.i..u  i....r        ^^'^-  '•"'*'•  N'^thin;?  in  the  thriK*  prec^ling 

n^^^^^^  **'^"^  ^»'^^"  ^"'  ^''  construed  as  to  ^ive  the  i^rson 

noi  r(s<  II  1114  saiiH  .  aciuirin;,'  th.'  ri-ht  to  the  us*'  of  water  iw  therein 

])rovided  th<»  ri^lit  to  sell  or  dispose'  of  thr  same  after  Ijcin;;  so  used  hy  him,  or 
]>revent  the  original  owner  or  pm  »rii'tor  frniii  n*takinjx.  sellin;;,  and  dis|Kming  of 
the  same  in  the  usual  and  customary  manner,  afler  it  is  S4)  used  as  a'^oresaid. 


WATEE-RIOHT  FORMS  USED  IN  MONTANA. 

.Witiff  nf  inttrr  r'ujlit. 
StATK  of  MoXTAN'A.  <  'nil, if  If  of        .  .s.s  ; 

To  all  wiM'im  tiicM'  ]ire>enls  uiay  ♦•imceni: 

Hr  it  known.  That      -     ,  i»t        — .  in  '^aid  county  and  Stat»',  do  hereby 

publish  and  declare,  as  a  le^al  notic<'  to  all  tin*  world.     : 

I.  That ha  -  a  lethal  ri;;ht  !•)  ilir  n.*^*'.  pns.srssinii,  an<l  control  of  and  claim 

inches  <»f  the  wattrrs  of  in  said  county  and  ^tate.  for  in1;;atiu[f  and 

othiT  l>Ul*])oSes. 

II.  That  the  sjiecial  puri)osi'  for  which  said  wati-r  is  int«nd<-d  tolx-  used,  and 
the  place  of  intended  usr  is . 

III.  That have  taken  said  water  out  iA\  and  divcriiMl  it  from  said 

hymeansof ,  whi<*h  saiil is     -    in<ln-s  l»y  -       incjics  in  size  and  car- 
ries or  conducts inciu'sof  water  from  saiil :  s;iid  -    ta])sand  divertH 

the  water  froui  siiid  stream  at  a  ])oint  upon  its   —  hank  — ;  thence  runnin|if, 

or  to  run,  to  and  ui)on  said  <le.serilM'd  land  (and  thiouuch  said  land,  if so 

desire,  to  any  recpiisitt*  iMiint  of  nnal  discliar;;*'). 

IV.  That ai)propriated  and  took  said  water  on  tlm day  of , 

A.  D.  IHU — ,  liy  means  of  said . 

V.  That  th»'  name —  of  the  ap])rt>iiriator  —  of  said  water . 

VI.  That alsolier<'hy  elaiin  said  ditcli  and  the  rij^ht  nf  way  therefor,  and 

for  said  water  hy  it  convey«'d.  or  to  he  eonvi-yetl.  frf)m  sani  point  of  a])]>ro])nati(in 
to  siiid  land  or  ])oint  of  final  discliar^^e.  and  also  the  rit^ht  n\'  liu-ation  ujjon  any 

lands  of  any  dams,  llumi's.  resJTVoirs.  constructed,  or  to  he  {-onhtrucled,  by 

in  a])propriating,  and  in  usiu^  h>aid  water. 


35 

VII.  That also  claiin  the  right  to  keep  in  repair  and  to  enlarge  said 

means  of  water  appropriation  at  any  time,  and  the  right  to  dispose  of  the  said 
right,  water,  ditch,  or  said  appurtenances,  in  part  or  whole,  at  any  time. 

Claiming  the  same,  all  and  singular,  under  any  and  all  laws,  national  and 
State,  and n^ings  and  decisions  thereunder,  in  the  manner  of  water  rights. 

Together  with  all  and  sing^ar  the  hereditaments  and  appurtenances  thereunto 
belonging  or  appertaining,  or  to  accrue  to  the  same. 

Witness nand  at ,  Montana,  this day  of ,  189—. 

The  State  of  Montana,  County  of ,  ss: 

,  having  first  been  duly  sworn,  depose-  and  say-  that  he of 

lawful  age  and  the  ap^ropriator-  and  claimant  of  the  water  and  water 

right^entioned  in  the  foregoing  notice  and  statement  of  appropriation  and  claim, 

and  the  person-  whose  name subscribed  thereto  as  the  appropriator-  and 

claimant-:  that  he  knows  the  contents  of  said  notice  and  statement  foregoing, 
and  that  the  matters  and  things  therein  stated  are  true. 

Subscribed  and  sworn  to  before  me  this day  of ,  A.  D.  189 — . 


County,  Montana. 


I  hereby  certify  that  the  within  notice  of  location  of  water  ri^ht  was  filed  for 

record  on  the day  of .  189^,  at o'clock  —  m.  and  is  duly  recorded 

in  volume of  water-right  location  records  on  page ,  records  of 

County,  Montana. 

Attest  my  hand  and  seal  of  said  county. 

County  Recorder, 

By , 

Fee — $ .  Deputy, 


WATHK  LAWS  OF  M'HRASKA. 


AKTK^.K   I. 


i>t.i»t.i4v  -»f  i.i<»iwm        ^J'*'-  "•  -^"  lH»twtH?n  aippropriatorn.  tho  one  ftrrt  in  time  in 


ARTICLK   II. 


JIifTT        I'll       ll^^'&va      ■"•>•••««      •>(■▼«■       •'i<j«      f  »i  •■«&«■■«    ••i\i|«  A    111        Jll«III<r^a      I'A       ««v    l-v    •  ■■^•AAAftaK       VU^ 

priority  and  uinonnt  of  H])prooriiition  sluill  1n'  dctcriiiintMl  ]>y  tlio  said  State  board, 
wliic-h  at  its  first  int'ctinK  sliall  dt'si^nat*'  tli*'  stn'anis  t«>  1m*  first  adjndirated. 

SocTHnrv  iiii^uKiireiuonf  of  ,^'''*  '  ^'''  *^  "*!*""  ^**'  tlMMluty  of  the  secretaiy  of 
?*o(  n  inr} ,  im  a^^  ni  or    ^^j^.  ^^^^^^,  ^^^^^^^^  ^^^  irriK-ation  hh  wnm  tis  practicable 

•  after  tlu*  passaj^o  of  tliis  act  to  nioasuro,  or  caiue  to 

1)0  nieasunHl,  tluMpiantity  of  water  fiowin^  in  tlie  s<'v<Tal  streams  of  the  State 
and  t>o  make  a  nn'ord  thereof  in  tlie  ofiicc  of  s;iid  board,  and  he  shall  from  time 
to  time  make  snrh  additional  iiieasnrements  as  may  In*  ni'cessiiry,  or  caiue  the 
siime  to  1h>  made,  for  the  information  of  such  board  in  considering  applicatioiifl 
for  wat4T  appro])nations  and  such  controversies  as  may  arisi'  repirdmt;  thedia- 
tribution  of  wat«;r. 

PiiriMiHe  «f  iiiiiiriiiiriiifinii  ^*''^'-  ^^-  '^^^  ajipropriations  for  wat<T  mnrt  be 
I  urpose  or  appropriation.    ^.  ^j.  ^^^^j^,.  ]„.„,.,i,.i„i  ,,r  useful  j.uriH)s<s  and  when 

the  a])propriator  or  his  succ«*ssor  in  interest  c<*ast?s  to  use  it  for  such  puriKMse  the 
ri^ht  cejis<!S. 

i>i.ii.i.i4i»u.  »i.ii<»i.  <i<.4i»t.  ^^'^'-  '•*•  Who'll  the  adjudication  of  a  stream  shall 
I  rioritles;     «rd<*r     <«*'*<*'•■    ^,j^^.^.  lH..n<..,nii.lctedit  will  Im^  the  dntv  of  the  State 

iiiinniK'.  lN)ard  to  make  and  cause  t<»  Im*  enter«*<l  of  record  in 

its  office  an  order  determining  and  e>stablishin^  the  S4*veral  ])riorities  of  right  to 
ns(t  the  water  of  said  str«'am,  and  the  amount  of  the  a])])r<»priation  of  tho  Heveral 
p(*rsons  claiming  wat(>r  from  such  stream  and  the  character  and  kind  of  lue  for 
which  such  a))])ro])riation  shall  be  found  to  have  Ih'en  made. 
in»i.<i»..iaiii.n.  »..i<...iiv.  Ski'.  20.  Kach  apinnjunatiou  sliall  be  determined 
Approprla      i:urIorIt};    i,Hts  nriority  and  Am/.unt  by  the  time  at  which  it 

ain<  iiDT.  shall  have  been  made,  and  the  amount  of  water 

which  the  works  are  eon structed  tocrarry:  Prnrhini,  Tliat  ^suc]l  a])))ro])riat.<ir8hall 
at  no  time  In*  entitled  to  the  use  of  more  than  h*^  can  lM>iieficia11y  us<>  for  thepnr- 
lH)S(*s  for  which  tlu*  ai>pro])riation  may  have  Ih'cu  made,  and  tlie  am<»untof  any 
appro] )riation  made  by  means  of  enlargement  of  the  distriliutin;,'  works  lieretofore 
shall  1>4>  det^Tmined  in  like  manner:  J'ntridni.ThnX  no  allotment  for  irrigatlan 
shall  exce(»d  ont?  (Mibic  foot  per  s(H'ond  for  «*acli  sevi-nty  acres  of  land  for  which 
said  ai)i)ro])riation  shall  Ix*  made. 

rertldeafeM*     how     Insued-        ^K<'- -^-  Within  thirty  days  after  the  determina- 
«h  ArU^  IL-I  ^i""  ''^  t»»''  pri<.rities  of  appropriation  to  the  use  of 

^iirn  rMoraen.  ^,.^^^.^.  ^^^  ^^^^^,  ^xrvamAi  shall  U-  the  duty  of  the 

State  iKXird,  throuj^h  its  swretary.  to  issue  to  each  imtsoti,  ass<M-iation,  or  corpo- 
ration a  certificate'  to  be  sij^a'd  by  the  ]»resident  of  the  Static  Iniard  and  attested 
byf  .....  ^         

the 
watt? 

priation  1m»  for  irrij>:ation,  a  desciii)ti „ , ^.,  ^^ 

apidied  and  the  amount  then»of.  Said  certificate  shall  Im*  transmitted  !>y  the  said 
StJite  l)oard  of  irripiticm,  thnm^ch  its  wcretary,  by  re^sten^l  mail  to  the  <-ounty 
clark  of  the  county  in  which  said  appropriation  shall  havii  lH;<.'iv\vvAds>.,v\\v\\i\b.\MaJu 
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be  the  duty  of  said  coniity  clerk,  within  ten  days  after  the  receipt  of  said  certifi- 
cate, to  record  the  same  in  a  book  especially  prepared  and  kept  for  that  purpose, 
and  to  notify  the  party  or  parties  in  whose  ravor  the  said  certificate  is  issued  of 
such  record,  and  transmit  said  certificate  to  said  party  or  parties  on  payment 
of  the  fees  for  recording,  which  fee  shall  not  exceed  seventy-five  cents  for  each 
certificate  so  recorded. 

A  ,.«««i  r^w.  <i/.f  A«.        Sec.  22.  Any  party  or  number  of  parties  acting  jointly 
mliifltlrtii  ^^®  "^y  ^^^  themselves  aggrieved  by  the  determination 

minaiion.  ^^  ^^  State  board  may  have  an  appeal  to  the  district  court 

of  the  county  within  which  the  appropriation  or  appropriations  of  the  party  or 
parties  so  aggrieved  may  be  situated.  All  persons  3oining  in  the  app^  shall  be 
joined  as  appellants,  and  all  persons  having  interests  adverse  to  the  parties 
appealing  or  either  of  them  shall  be  joined  as  appellees. 

A  ..«««i.  »^4t^^.  \.^^A  Sec.  23.  The  party  or  parties  appealing  shall,  within 

Appeal;  notice;  bond.      ^^^  ^^^  ^^  ^^  ieterinination  ^  thi  Stat4  board 

which  is  appealed  from  and  the  entry  thereof  on  the  records  of  the  board,  file  in 
the  office  of  the  clerk  of  the  district  court  to  which  the  appeal  is  taken  a  notice  in 
writing  stating  that  such  party  or  parties  appeal  to  the  district  court  from  the 
determination  and  order  of  the  State  board,  and  upon  the  filing  of  such  notice  the 
appeal  shall  be  deemed  to  have  been  taken:  Provided,  however.  That  the  party  or 
parties  appealing  shall,  within  the  sixty  days  mentioned,  enter  into  an  under- 
taking, to  be  approved  by  the  district  court  or  the  clerk  thereof,  and  to  be  given 
to  all  parties  in  said  suit  or  proceedings,  other  than  the  i)artie8  appealing,  condi- 
tioned that  the  parties  giving  the  said  undertaking  shall  prosecute  their  appeal  to 
effect  and  without  unnecessary  delay,  and  will  pay  all  costs  and  damages  which 
the  party  to  whom  the  undertaking  is  given  or  either  or  any  of  them  may  sustain  in 
consequence  of  such  appeal:  Provided,  Such  case  is  decided  against  the  apx)ellant. 
Hf^iAi*.  fiAfvinA  Sec.  24.  The  order  mentioned  m  the  preceding  section  shall 

uraer,  Ber>  ice.  |^  entered  of  record  in  the  records  of  the  State  board  and  the 
appellant  or  appellants  shall  cause  a  certified  copy  thereof  to  be  served  with  the 
summons  hereinafter  provided  on  each  of  the  appellees  in  the  manner  provided 
for  serving  summons  from  the  district  court. 

Pptition*  Tiro<»epdiniPH-  ^^^'  ^'  ^^®  appellant  or  appellants  shall,  within 
I  eiuion,    proceeamgs,    ^j^y  ^yg  ^^^  giving  the  undertaking  hereinafter 

mentioned,  file  in  the  office  of  the  clerk  of  such  district 
court  a  certified  transcript  of  the  order  of  determination  made  by  the  State  board 
and  which  is  appealed  from;  and  the  measurement  of  streams,  tribut^es,  or 
ditches  that  may  have  been  made,  together  with  a  petition  setting  out  the  cause 
of  the  complaint  of  the  party  or  parties  appealing  to  which  all  parties  named  as 
appellants  shall  be  made  parties,  summons  in  such  apx)eal  to  be  issued  by  the 
clerk  of  such  district  court  and  served  in  the  manner  provided  by  law  for  the 
service  of  summons  in  action  of  law;  and  all  proceedings  on  appeal  shall  be  con- 
ducted according  to  the  proceedings  of  the  code  of  civil  procedure.  All  costs 
made  and  accruing  by  reason  of  such  appe^  shall  be  adjudged  to  be  paid  by  the 
party  or  parties  against  whom  such  an  appeal  shall  be  finally  determined. 
T«.«»QA«.i«^4  ^r  ^ia:n.a.  A^^,r  ^EC.  26.  Within  thirty  days  from  the  passage  of 
^""""^f^^LJ^ifol^V  *"*^  this  act  it  shall  be  the  duty  of  the  countyclea  of 
01  couniy  cierK.  ^^^  ^^  ^^^  counties  of  this  State  to  prepare  a  full 

and  complete  transcript  of  all  the  claims  to  appropriations  of  water  now  on  file 
in  their  respective  offices,  and  to  transmit  the  same  without  delay  to  the  secretary 
of  the  State  board  by  express  or  registered  mail,  for  which  sei'vice  he  shall  be  paid 
by  the  county  the  sum  of  five  cents  per  folio  to  prepare  said  transcript:  Provided, 
That  the  county  clerk  may,  in  place  of  such  abstract,  transmit  the  original  record 
of  claims  to  water  that  are  recorded  in  books  kept  especially  for  the  purpose,  in 
which  case  he  shall  receive  no  compensation. 

riaaaSiiAofii^n  Kv         Sec.  27.  Immediately  on  receipt  of  said  transcripts  or  the 
State  board  original  records,  it  shall  be  the  duty  of  the  State  board  to  file 

them  in  its  office,  and  to  classify  and  arrange  said  claims  by 
placing  all  the  claims  to  the  waters  of  one  stream  and  its  tributaries  together. 
Anniloofi<tn    i«    ow_         Sec.  28.  Evcry  jiersou,  assoclatlou,  or  corporatiou  hcre- 
V.vl««J.io?r  wa?^,.  ^     after  intendmg  to  appropriate  any  of  the  public  waters  of 
propriaie  ^  aier.         ^^^  g^^  ^^  Nebraska  shall,  before  commencing  the  con- 
struction, enlargement,  or  extension  of  any  distributing  works,  or  performing  any 
work  in  connection  with  said  appropriation,  make  an  application  to  the  State 
nrhof  ♦/*  ^Anfoin      board  for  a  permit  to  make  such  appropriation.    Said  appU- 
n  nai  lo  coniain.     ^^tion  shall  set  forth  the  name  and  post-office  address  of  the 
applicant,  the  source  from  which  said  appropriation  shall  b^uaaAft^XJafe  ^jcassvscN* 
thereof  as  near  as  may  be,  location  of  any  pTopo8ft^'woTVmc«tmfiRj^Qx^*Ca«^^^^ 
the  time  required  for  their  completion,  said  tiixiQ  tiO  emyixwa^^utL^^^"^"^^^^**^^^ 
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for  the  ronHtmction  of  the  <1iU'lie8  thereon  and  tht*  time  at  which  the  applicatioii 
of  the  wut4*r  for  beneficial  pnnx'Hc^H  Hhall  l)e  ina<le.  which  Haid  time  Rhafi  be  lim- 
it<Ml  iu  that  r(>(piired  for  th(*  completion  of  the  W(»rk  when  nroHecnted  with  dili- 
Keiice.  the  purixmc*  for  which  water  iH  to  be  Hupt)lie<l,  ana  if  for  irrigation  a 
dcKcription  of  the  land  to  lie  irrigated  therebv,  ana  the  amount  thereof,  and  any 
additional  facets  which  may  Im^  reqnireil  by  the  State  Ixiard.  On  receipt  of  thu 
a])])lication,  which  Hhall  l>e  of  a  form  preH(?rilMHl  by  the  State  board  and  to  be 
fumiHhe<l  by  the  HCCTetary  without  coHt  to  the  applicant,  it  Hhall  be  the  duty  of 
To  be  reiMirded     ***^  i^tate  Iniard,  through  itn  Hecretary,  to  make  a  record  of  the 

receipt  of  Haid  application  and  caune  the  name  to  be  recorded  in 
itH  of!i(u>.  and  to  make  a  careful  examiTiaticm  of  the  api>lication  to  ascertain 
whether  it  m^tH  forth  all  tht>  fiu^tH  nec^eHHtiry  t-o  enable  the  Stati'  iNiard  to  determine 
the  nature  and  amount  of  the  x>ro|M>H(Ml  a^>propri4ition.  If  Huch  an  ezaminatioii 
showH  th(*  application  in  any  way  def<K'tive,  it  nhall  1h*  the  duty  of  the  State 
Inmrd  to  return  the  name  to  the  appli(*ant  for  comH^ticm.  If  there  is  onappro- 
When  mill  roved  I>riat«»<l  water  in  the  HOurc«»  of  HU])ply  named  in  the  apfpuca- 
n  nen  appr  iiu.      ^^^^^  ^^^^^^  j^  ^^^^.j^  appropriation  iH  not  otherwise  detrimental 

to  the  public*  welfans  the  Stut«  iKwrd.  through  it4<  MMTetary.  Hhall  approve  tbe 
Haiue  by  endornement  tliereon  and  nhall  make  a  nH*ord  of  HUch  endorsements  m 
Home  proiM^r  manner  in  hiHof!i(^e  and  return  the  nami*  ho  endorHed  to  the  applicant, 
who  Hliau,  on  rweijit  thereof,  \hi  authoriztKl  in  ])nHMHMl  with  the  work  and  to  take 
HUch  meaHurcH an  may  iKf  iKH-esnary  t^>  IM»rf«H-tHnchai)i>roi)riation:  Provided^how- 
C1VT,  Tliat  the  State  lH)ard,throuf;h  itn  MHTetary,  may,  uinm  examination  of  Buch 
a]»plicatii)ii.  oudorM*  it  aj)prnved  for  a  lens  amount  of  wat4*r  than  the  amonnt  of 
water  Htated  in  tlie  !ii)]di<'ation,  or  for  a  Ichh  amount  of  land  or  for  a  leHS  period 
of  time  for  iM'rfe<'tin^  the  proiN)H(>d  appro]>riation  tlian  that  nanu*d  in  the  appli- 
AiiiiohI  iillowml  ri-fiiii  «...    <'«it^<>":  ^l/*///>/ortV/#7//MW/icr,  That  an  applicant  reel- 

''     lloii  «f  li  ,ir^^  "*^'   himsi.lf  aj^Kriev.Ml   by  the   endormanent  made 

u]H)n  hiH  application  may  take  an  apiM*al  therefrom 
to  i\w  district  court  of  the  county  in  which  may  1m*  situated  thi'  point  of  diversion 
of  the  i)ropoK<'d  a))oropriation.  Surli  apiM'al  sliall  1n>  ]NTfect(Mi  when  the  appli- 
cant Hhall  have  fi  It 'a  in  tlio  offico  of  thi'  chTk  <if  th«'  district  (^ourt  a  copy  of  the 
order  ap]M'iili*d  from.  {M'rtifi<?(l  by  tli«*  s«'<'r4'tary  of  tli«'  State  l)oard  as  a  true  copy, 
tojr«*thcr  witli  tli«*  iM'tition  to  sucli  cimrt,  w'ttiii;^  forth  apiM»llant'H  reason  for 
such  ai)]H^al.  Sucli  appeal  shall  In^  heard  and  detennined  u]M)n  such  conipetent 
])r(M)fs  as  shall  1m>  prodiKriKl  1)y  the  a])))lieaiit  and  sucli  like  ]>r(N)fH  an  nhall  lieprc^ 
(luced  liy  the  State  iNiard  to  any  jhtsou  duly  autliorized  in  its  iM'half.  If  there 
Wl  »  p  »r  h\  *^  ^"*  uua]>j)ropriated  water  in  the  source  of  KUpply,  or  if  a 
linen  reiiinea.  ^y^,,,.  appro]  >ri  at  ion  has  In-en  made  to  wati'r  the  same  land  to 
be  watered  by  tlie  appli<*Hnt,  tlie  State  Uuird,  tlirouj^li  its  setM'etary,  shall  refnae 
sncli  ai)i>ro])nation.and  the  part  v  making  such  a]>]dieation  shall  not  prosecute 
sucli  work  so  lon^  as  sn<'h  refusjil  shall  continue  in  force. 

»  I       ill  .1  Skc.  2tK  UiM)n  the  ap])roval  and  allowance  of  an  application 

Jiap;  wiien  niea.  ^i^^.  applieant  shall  send  to  the  Stati'lniard's  office  within  six 
int»nths  t1ien*after  a  ma])  or  plat,  U])0]i  a  sciile  nf  not  less  than  two  inclu*fl  to  the 
mile,  showing  the  ItM-atioii  of  theeourw*  of  tliedistributin^jf  works,  tlie  soun'«  from 
wliich  ihv.  a])])ropnati<ai  is  taken  and  the  le^al  subdivisions  of  tlie  land  npon 
wliich  the  water  a])])ro])riated  is  to  })e  a])] died,  which  said  ma])  shall  Ix'  filed  and 
be  l>res<'rved  in  said  offic**  as  part  of  the  re<*ords. 
|,  ^  ....     .  Skc.  iJO.  Uixni  its  b('inj;  made  to  a])]>ear  to  the  satisfaction  of  the 

**''iincaie.  ,^^.^|^.  board  that  the  apitlication  in  this  art  ]»rovid«'d  for  has  been 
perfe(!ted  in  lUTordani-e  with  law.  ana  the  endorsement  thereon  by  the  s<»<.rn»tary  of 
the  State  board,  it  sliall  1n'  the  duty  of  said  lH>ard  by  the  hand  ot  its  ]ireHident, 
attested  by  the  .M'cretary.  to  send  to  the  county  clerk  a  certiti<'ate  of  the  same 
character  as  that  des<*rilKMl  in  s^H'tion  tw«*nty-one  of  this  act,  whicli  siiid  certificate 
shall  1m»  recordtMl  in  the  office  of  the  county  clerk,  and  i)rovi<lrd  for  in  section 
twenty-one  of  this  act. 

I,  t     ti       14  Skc.  :n.  The  i)rioritv  of  such  ap])rr)])riati«»n  shall  date  from 

1  riorii)  ;  «aie.     ^jj^,  Ydm^r  ^,f  tbe  apjdication  in  the  nthci'  of  the  Stat<j  iMwird. 

1^  Skc.  ;tH.  Any  ]MTS(m,  cor])oration.  or  ass<K'iation  hereafti-r  intending  to 

iianiH.  t-onj^^riict  any  dam  for  reservoir  puriH»»*es  or  mrross  the  channel  of  any  run- 
ning stnsim  alM)ve  ten  fw?t  in  height,  shall,  iM'fore  be^nnin^  su<h  cm  )nst  ruction, 
submit  th»^  ]dan  of  the  Mime  to  the  State  Iniard  of  irri;^ation  for  their  examination 
and  approval,  and  no  dam  al)ovet<*n  f(*<jt  in  height  shall  \h}  constructed  until  the 
Hiime  snail  luive  iM'cn  api)roved  by  such  l>oard. 

«,  .  , ,,  .      .  Se(!.  4tJ.  The  water  of  every  natural  stream  not  here- 

n  ater ;  public  prop<Tty.     ^^^^^^^^^  iii)propriat4Ml,  v^ithin  the  State  «»f  Neliraska,  is 

hen;by  dtH-lare<l  to  1m^  the  pro]H?rty  (»f  the  imblic,  and  is  dedicated  to  W\i\  use  of  the 
jHMjple  of  tlw  StuU\  Hubj(H:t  t^)  appropriatiou  as  WTVim\>viloT^i  vtonv\w\. 
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pnoruy  or  ngni.  j^^^^j.  ^  denied.    Priority  of  appropriation  shall 

give  the  better  right  as  between  those  using  the  water  for  the  same  purpose;  but 
when  the  waters  of  any  natural  stream  are  not  sufficient  for  the  use  of  all  those 
desiring  the  use  of  the  same,  those  using  the  water  for  domestic  purposes  shall 
have  the  preference  over  those  claiming  for  any  other  purpose,  and  those  using 
the  water  for  agricultural  purposes  shall  have  the  preference  over  those  using  the 
siime  for  manufacturing  purposes. 
i>..i<^..iii<.u.    Hif/.hAa    1 8ir^       Sec.  44.  All  ditches  constructed  for  the  purpose 

runninir  8^^^^^^  ^^  ^^^^«  *^^  ^^*^'  ^P^^^'  «^^^?*  or'^spSng 

running  streams.  waters  of  the  State  shall  be  governed  by  the  same 

laws  relating  to  the  priority  of  right  as  those  ditches  constructed  for  the  pur- 
pose of  utilizing  the  waters  of  running  streams:  Provided,  That  the  person  upon 
whose  lands  the  waste,  seepage,  swamp,  or  spring  waters  first  arise  shall  have  the 
prior  right  to  the  use  of  such  waters  for  all  purposes  upon  his  lands. 
pi  Sec.  56.  Any  person,  company,  or  corjwration  desirous  of  con- 

structing  and  maintaining  a  reservoir  for  the  purjKjse  of  storing 
water  for  irrigation  purposes  shall  have  the  right  to  take  water  from  the  natur^ 
streams  of  this  State  when  not  needed  for  immediate  use  for  irrigation  or  domestic 
puri)08es;  to  construct  and  maintain  ditches  for  the  purpose  of  conducting  water 
to  and  from  such  reservoirs  and  to  condemn  land  for  such  reservoirs  and  ditches 
in  the  same  manner  as  is  provided  by  law  for  the  condemnation  for  right  of  way 
for  ditches,  and  the  owner  or  owners  of  such  reservoirs  shall  be  liable  for  aU 
damages  arising  from  leakage  or  overflow  of  the  water  therefrom  and  by  the 
breaking  of  the  embankments  of  such  reservoir. 

WfttPrworlcs  Pxi^nint  frrtiii  ^^^'  ^^-  ^^^  ditches,  canals,  laterals  or  other 
naierworKs  exempt  rrom    ^^^.^^  ^^^^  ^^^  irrigation  purposes  shall  be  ex- 

empt  from  all  taxation,  whether  State,  county,  or 
municipal. 

i>«.^uA^n4s^n    *.f    «r.,...ir    ^«        ^EC.  62.  WitMu  six  mouths  after  the  approval  of 
rrosecjillon    or    wort    on    ^^y  application  for  water  under  this  act  by  the  State 
appropriation.  board  of  irrigation  the  i)erson,  persons,  corporation 

or  as.sociation  making  such  application  shall  commence  the  excavation  or  construc- 
tion of  the  works  in  which  it  is  intended  to  divert  the  water  and  shall  vigorously, 
diligentlj^,  and  uninterruptedly  prosecute  such  work  to  completion,  unless  tem- 
porarily interrupted  by  some  unavoidable  and  natural  cause,  and  a  failure  to 
comply  with  this  section  shall  work  a  forfeiture  of  the  appropriation  and  all  rights 
thereunder. 

Depds  and  f^otitrarts  for  Sec.  63.  Whenever  any  person,  persons,  or  corpo- 
iieeas    ana    contracts    ror    ^^^^^  ovming  any  irrigation  ditch  or  canal  shaU 

ngnis.  convey  by  deed  or  contract  the  right  to  use  the 

water  from  such  ditch  or  canal  for  any  tract  of  land  for  irrigation  jjurposes,  such 
deed  or  contract  shall  be  recorded  in  the  county  where  such  land  is  situated,  in 
the  same  manner  and  under  the  same  conditions  as  deeds  for  real  estate  are 
recorded,  and  such  deed  or  contract,  from  the  date  of  recording  thereof,  shall  be 
binding  upon  the  grantor  of  such  deed  or  contract,  his,  their,  or  its  successors  or 
assigns,  and  all  i)ersons,  companies,  or  corporations  claiming  any  interest  in  such 
ditch  or  canal,  and  no  foreclosure  or  other  proceedings  to  collect  money  from  or 
subject  the  sale  of  the  property  of  the  owners  of  such  ditch  or  canal,  shall  in  any 
manner  impair  the  right  of  such  grantee,  his  heirs,  administrators  or  assigns  to  the 
use  of  the  water  from  such  ditcn  or  canal  in  the  quantity  and  manner  provided 
in  such  deed  or  contract. 

4»».»»io».i.r»....^<i....  ^i^^iry.4  Sec.  64.  Upon  any  apT>eal  being  taken  as  is  by 
Appeals  advanced  on  docket.  ^^^.^  ^^  provided,  from  the  board  of  irrigation  tb 

the  district  court  of  this  State,  it  shall  be  the  duty  of  said  court  to  advance  such 
a])i)eal  to  the  liead  of  the  trial  docket  and  to  give  such  apx)eal  precedent  over  other 
ci\il  cases,  in  hearing  and  determination  thereof,  and  if  an  appeal  be  taken  in 
such  action  from  the  judgment  or  decree  of  the  district  court  to  the  suijreme 
court  of  the  Stiite  it  shall  in  like  manner  be  the  duty  of  the  supreme  court  to 
advance  such  api>eal  to  the  head  of  its  docket  for  the  trial  of  civil  cases  and  give 
such  causes  like  precedent  as  to  trial. 

ivai^Ai.  o  na4n..ai  woni  ^Ec.  65.  Watcr  for  the  punwses  of  irrigation  in  the 
naier  a  natural  ^ani.    ^^^^  ^^  Nebraska  is  hereby  declared  to  be  a  natural 

want. 
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WATEK-RIGHT  FORMS  USED  IN  VEBRASKA. 

<  *laim  for  the  tmfrrs  *»/  thv  SUitv  of  Siitraska, 
Cliiim.  No. .    Prinrity.  No. .    Wutvr  division.  No. .    District,  No»- 


I. ,  of  thi»  county  of  .  State  of ,  being  duly 

KWonif  uiMin  my  oiitli  siiv: 

1.  Tliat  tlM'  naiin*  of  tin*  clannant  is ,  ]K)8t-office  address.  No. , 

Htn-i't, . county, . 

2.  Tliat  the  wattT  is  claimed  for  Ww  )mr])<)sc^  of 


»\.  That  tho  nam"  ado))ti*d  lor  th<*  ditc)i  or  canal  is  the 
4.  Tliat  the  source  of  tlic  appro] )ri:it ion  rhiinied  is 


Ti.  Tliat  th(*  amount  of  the  appropriation  claimed  is cnbic  feet  jter  second 

of  time. 

\S.  That  tht*  iM'ad  pite  is  Im-at^'d  on  tlie Iwnk  of  the  stream,  in of  sec- 
tion   .  townsliiji ,ran;re of  th** princi]ml  meridian. 

7.  That  the  sjiid  diteh  or  «'anal.  —  miles  in  length.  piiss4*H  IhnmKH  the  fcdlow- 
in^se<'ti!>nsof  hmd.  as  shown  on  the  ae(*(iii)]»:inyinK  tt»\vnshipphit,  viz:  (Describe 
eiu'h  seetion  throu;;h  wliich  canal  ])asses.  stating  townslii])  and  range.) 

{ti)  That  the  ])  )rtion  of  said  ditrh  or  eanal, mileb  in  U*n^h,  indicated  on 

said  plats  by  a  hiack  line,  is  coniplfted. 

(/>)  That  tlie  portion  of  said  ditch  i»r  canal, mile-^  in  length,  indicated  on 

said  plats  by  a  n'd  lini*.  i.»»  not  citnipleted. 

H.  That  the  dimensions  of  .^aid  <iitch  nr  canal  are  (and  will  1m'  for  the  nncom- 

]ileted  ]N>rtions)  as  follow*;:  Head  j^ate--width  in  ch-ar te»'t:  depth  of  water 

on  floor  at  low  water  —     feet. 

\).  That  the  total  excavatinn  anunnitsto  —  cubic  yards  of  material,  consisting 
of .  and  tliat  the  total  length  nf  tluniinj;  n-qnireil  is feet. 

{a)  That  the  material  thus  far  removed  anmnnts  tf>      --  cubic  yards. 

{h)  That  the  flumin;;  coniph'tcd  amtnintsto     -      feet. 

10.  That  the  estimated  cost  of  said  tlitch  or  canal  is  as  follows:  Earthwork, 
•S :  ilnniini;,  $-    -  :  in-ad  ;ratc.  s    — :  other  ex]n'nsi'»*.  >;  — ;  total.  S . 

(u)  That  the  e.\|H'ndi(ure>  thus  tar  incurred  are  as  follows:  Earthwork, 9--^—; 
ilumin;;.  .s :  hea<l  ^cati-.  s :  other  ex]Mnses.  .s     — :  totid,  s . 

11.  Tliat  it  is  the  intention  that  the  saiil  ditch  i»r  canal  shall  supply  water  tO 
irri^^ate  the  tollowin.L,^  s«'ciions  f»r  (juarter  seitiou-^  oi'  land,  viz:  (Give  sections 
and  quarter  sections,  stating  numlN-r.  township,  and  ran;^e;  amountinj^  in  all 
to  —  acres. 

It*.  That  the  m'tual  work  of  i-xcavation  and  construction  was  lM>)^un  on  the 

day  of .  IH — ,  :in(l  tie*  work>         -    e<iniplete<l.  and  the  a])propriation 

Ih'rfej'ted  on  or  befon*  the      -  -  ilay  of  -.  is— . 

{it)  That  this  claim  is  made  uixli-r  ami  by  virtue  of  ri^^hts  deem«Kl  to  have  been 
ac(iuired  bv  -    —  - 

{b)  That  water turne<l  into  said  ditch  i>r  canal  on  or  bef«»re  the day  of 

—       —     IS  — 

V'\.  That  the  time  I'stimated  as  necessary  to  ]in»vide  for  the  a])plication  of  the 

amount  of  water  herein  clainn'<l  to  the  beiielicial  use  above  stated  is years 

from  April  1. 

((f)  That  there  were  — acres  of  <rops  actually  irri:,Mted  from  said  ditch  or 
canal  during  l-*^  -. 

It.  That  the  relation  which  tlii*  subscrilMM*  to  tliis  atVidavit  bears  to  Miid  ditch 
or  canal,  or  other  works,  is  that  ol'  -  -  .  and  that  he  is  authorized  to  make  this 
aflidavit  in  behalf  of  the?  interests  allected. 


Statk  or ,  Cnnnftf  (tf .  ss: 

I  hend)y  certify  that  tin*  fore;,'oin^  claim  was  siunied  in  my  ]n"esence  and  HWOm 
to  before  me  by this dav  of .  IS  ~. 


A'o/f/r//  Ptibiie, 


State  of  Nkuhaska.  0///Vr  Sttitc  Iff  Hint  of  Irrif/dfinn,  ss: 

This  instnnnent  was  tile«l  for  n-ccird  at o"<'lock  --  —  n<Min.  on  the day 

of ,  IS — ,  and  duly  recorded  in  bi>ok of  the  record  of  claims  for  appro- 
priations, on  jiage . 

Stilt r  Kiujluvvr ,  SivTtUvT^. 
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Application  for  a  permit  to  appropriate  the  loatera  of  the  State  of  Nebraska. 

Permit,  No. .    Water  division,  No. .    District,  No. . 

I, ,  of  the ,  county  of ,  State  of ,  being  dnly 

sworn,  upon  my  oath  sav: 

1.  That  the  name   of  the   applicant  herefor  is  ;   post-office   address, 

No. street, County, . 

2.  That  it  is  proposed  to  use  the  water  applied  for  herein  for 


3.  That  the  name  adopted  for  the  proposed  ditch  or  canal  is  the . 

4.  That  the  sourqe  of  the  proi)Osea  appropriation  is . 

5.  That  the  amount  of  the  appropriation  desired  is cubic  feet  i)er  second 

of  time. 

6.  That  it  is  proposed  to  locate  the  head  gate  on  the bank  of  the  stream, 

in of  section ,  township ,  range of  .the principal  meridian. 

7.  That  the  said  ditch  or  canal  will  be miles  in  length,  and  pass  through 

the  following  sections  of  land,  as  shown  on  the  accompanying  township  plats,  viz: 
(Describe  each  section  through  which  canal  passes,  stating  township  and  nmge.) 

8.  That  the  dimensions  of  the  proposed  ditch  or  canal  will  be  as  follows:  £^ad 
gate,  width  in  clear, feet;  depth  of  water  on  floor  at  low  water feet. 

9.  That  the  material  to  be  removed  amounts  to cubic  yards,  consisldng  of 

and  that  the  total  length  of  fluming  required  is feet. 

10.  That  the  estimated  cost  of  the  proposed  construction  is  as  follows:  Earth- 
work, $ ;  fluming.  $ ;  head  gate,  $ ;  other  expenses,  $- — ;  total,  $— . 

11.  That  the  proposed  ditch  or  canal  is  to  be  built  with  the  intention  of  supply- 
ing water  to  irrigate  the  following  sections  or  quarter-sections  of  land,  viz: , 

amounting  in  all  to acres. 

12.  That  construction  is  to  be  begun  within of  the  date  hereof,  and  the 

Eroposed  works  are  to  be  completed,  and  the  appropriation  perfected  on  or 
efore . 

13.  That  the  time  estimated  as  necessary  to  provide  for  the  application  of  the 

amount  of  water  herein  applied  for  to  the  beneficial  use  above  stated,  is 

years  from ,  189 — . 

State  op ,  County  of ,  ss: 

I  hereby  certify  that  the  foregoing  application  was  signed  in  my  presence  and 
sworn  to  oefore  me  by ,  this day  of ,  189 — . 

[SEAL.]  , 

Notary  Public, 
State  op  Nebraska,  Office  State  Board  of  Irrigation,  88: 

This  is  to  certify  that  the  foregoing  application  has  been  examined. 


State  Board  of  Irrigation, 


State  Engineer,  Secretary, 

This  is  to  certify  that  the  foregoing  application  has  been  examined  and  is  hereby 
granted,  subject  to  the  following  limitations  and  conditions: 

First.  The  work  of  excavation  or  construction  shall  begin  on  or  before , 

189—. 

Second.  The  time  for  completing  the  work,  or  perfecting  the  appropriation, 
shall  extend  to ,  18^. 

Third.  The  time  for  completing  the  application  of  water  to  the  beneficial  use 
indicated  shall  extend  to ,  1 . 

Fourth.  The  amount  of  the  appropriation  shall  not  exceed cubic  feet  per 

second,  and  shall  be  limited  to  1  cubic  foot  per  second  of  time  for  each acres 

of  land  reclaimed  on ,  1 . 


State  Board  of  Irrigation, 
State  Engineer,  Secretary. 
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Statp:  of  Nkbuaska.  OJfflci'  State  BiHtrtl  of  IrrigntUm,  mh: 

Tliis  iiiHtruuK'Ut  was  filed  for  rtfonl  at o'clwk, noon,  on  the day 

of ,  \HU — .  and  duly  recorded  in  Ixwk of  the  record  of  applications  for 

appropriations  on  page . 

.SV*!^**  Knyinecr^  Secretary. 

Note. — Thi«  application,  if  a])prove<l,  niuHt  Im»  follownl  within  nixmonthii  by  a 
map  or  plat  on  a  M*ale  of  2  inetieH  to  th(>  mile,  showinic  the  liM^ation  of  the  difl- 
tiilmtiuK  workH,  the  source  of  supply,  an<i  the  lei^l  Hubdivituom)  of  laud  to  be 
irrigated. 


Petition  for  a  jHTinit  to  n'lot'atr  irritfiitiim  irorht. 
Petition,  No. .    No. .    Water  diviMicm.  No. .    District,  No. 


I, .  of  the ,  <*ounty  of ,  State  of ,  lH»ing  duly  sworn,  niion 

my  oath  sav: 

1.  That  the  name  of  the  jM'titioner  lierefor  is :  ]N)st-ofii(*e  iuldn*ss, ; 

( -ounty. . 

2.  That  tliis  is  a  i)etiti«>n  for  a  jHTmit  to  rel<K*ate . 

*).  Tliat  tlie  name  of  tlie  dit(-li.  cranal,  or  other  works  referr(Ml  Ui  in  this  iietition 
is  tlie . 


4.  That  the  soun-e  of  the  water  sujiply  thereof  is 


T).  That  tlie  appropriation  tlien^for  is  claimed  hy  virtu<»  of  rights  acquired 
by . 

i\.  (r/)That  tlie  i)reKent  IcM'ution  nf  the  head  uate  is  on  the liank  of  the 

stream,  in  of  section  .  towiisliip  ,  range  of  tlie  principal 

nK^ndian. 

(h)  Thiit  the  ])roi)os<'d  hn-ation  of  the  head  gate  is  on  the hank  of  the  stream, 

in  -  —  of  s4H'tion  —  .  township .  range of  the  -        i)rincii»al  meridian. 

7.  That  the  said  ditch  or  canal  —  miles  in  length  i»ass4's  thnmgh  the  follow- 
ing (piarter  se<'tions  of  land,  as  kIiowii  on  the  accom])anying  township  plutM,  vis: 
(DescrilH*  ea<'h  quarter  st^ction  through  whii'h  ditch  or  canal  i)asses,  statmg  town- 
ship, rang<*,  etc. ) 

((f)  Tliat  the  ]K>rtioiis  (»f  said  dit<-h  or  canal,  —  miles  in  length,  indicated  on 
said  ])lats  by  a  continuous  black  line,  is  completed. 

(/>)  That  the  portion  of  sjiid  ditch  or  <'anal.  -  miles  in  length,  indicate<lon 
said  phits  by  a  dotted  black  line,  is  not  completed. 

H.  That  the  said  ditch  or  canal,  when  rel«K'ated.  will  Iw  —  miles  in  length  and 
pass  through  the  following  (piartor  se<'tions  of  land,  as  shown  on  the  accomiMiny- 
ing  township  ]dats.  viz:  (l)escril»e  each  <piart«'r  sj'ction  through  which  dit<3h  or 
canal  passes,  stating  township,  range,  etc.) 

((/)  That  the  portions  of  sjiid  dit<'h  or  canal.  —  -  miles  in  length,  indicated  on 
siiid  i)lats  by  continuous  and  dotted  black  lines,  show  coursr  thereof  as  originally 
l<M'ated. 

(/>)  That  the  i)ortion  of  said  dit-ch  or  canal. miles  in  length,  indicated  on 

said  plats  hy  red  lines,  show  (rourse  thennif  as  relorated. 

\K  That  the  estimated  <'ost  of  ]>ro])nsed  relocation  isas  follows:  Karthwork.S ; 

fiuming,  .S :  head  gate.  § ;  other  exiH*nses.  A —   :  total,  S    — . 

10.  That  the  work  of  rehM'ation  is  to  be  ln'gun  within ol  th«'  date  hereof, 

and  the  same  will  bo  completed  on  or  Ixjfore . 


State  of  ,  Count  a  of ,  m: 

I  hereby  <rertify  that  the  foregoing  ]M*tition  was  signed  in  my  presr-nce  and  .sworn 
to  lH?fore  me  by " ,  this day  of ,  is—. 

[seal.]  — , 

Si  tt  a  I'll  rut  flic. 
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State  op  Nebraska,  Office  State  Board  of  Irrigation,  ss: 
This  is  to  certify  that  the  foregoing  petition  has  been  examined. 


State  Board  of  Irrigation, 


State  Engineer,  Secretary, 


State  op  Nebraska,  Ofpce  State  Board  of  Irrigation,  as: 

This  instrument  was  filed  for  record  at o'clock, noon,  on  the day 

of ,  189-,  and  duly  recorded  in  book of  the  record  of  petitions  for  relo- 
cations, on  page . 

State  EngiTieer,  Secretary. 

Note. — This  petition,  if  approved,  must  be  followed  within  sixty  days  by  a  map 
or  plat  on  a  scsde  of  3  inches  to  the  mile,  showing  the  location  of  the  diverting 
and  distributing  works  as  relocated,  the  source  of  supply,  and  the  legal  subdivi- 
sions of  land  irrigated. 


WATI-R  LAWS  01'  SOUTH  DAKOTA. 


Sec.  1.  That  all  Knrfa<^o  watt^rs  in  tho  State  of  South  Dakota  are  herel^  appro- 
priat(!d  to  tho  iis*»  and  lK'm*fit  of  tlu»  public.     ((*hapt4'r  75,  ScHHlon  Lawr  1*^i.) 

Skc*.  1.  Thjit  all  Hun^lus  water  alN)v<*  the  normal  amount  in  lakeH.  rivers,  creekfl, 
or  other  iKMlirK  of  water  is  hereby  appro] >riat4Hl  t^>  the  \iw  and  In^nefit  of  the  people 
of  tills  Stati?.     (Cnianter  77.  S<»HHion  Laws  1M»7. ) 

Skc.  1.  It  shall  Ih>  lawful  for  any  iiei-son.  eoni]Miny.  or  eoriv>nition  to  constmct 
and  maintain,  or  ]M'rmit  to  In*  constructed  and  maintained,  a  dam  or  dainH  npon 
and  adja<*ent  to  their  own  lands  in  any  of  the  natural  streams  <»f  the  State,  and 
to  take  from  said  streams  any  una]}])ro])riat«Ml  water  not  nc4>dedfor  iiume<1iate  nue 
for  domestic  and  irn«;atin^  puriMi.ses.  aii<l  also  to  ('onstruct  and  maintain,  or  per- 
mit to  }h*  maintain4*d  and  const ructc<l.  reservoirs  for  the  ]»ur]M)se  of  storiiiK  water, 
taken  from  said  streams  to  1m>  used  for  irri^atiiiK  agricultural  lands;  and  to  con- 
struct and  maintain  <lit<'hes,  sluiceways,  or  waterways  for  carrjin^  Huch  water 
to  and  from  sucli  streams  or  to  and  from  such  res<*rvoirs.  and  to  coiiHtnict  and 
maintain  water  wlieels  and  macliiiierv.  to  In*  ])ropel1ed  by  the  wati*rH  of  each 
streams  or  otherwise*,  for  thei>uri)os«'  of  raising  the  water  therefrom  for  the  nfore- 
siiid  ])ur]H)s<*s,  or  to  keep,  maintain,  and  use  other  machiiKTy  and  appliancen  for 
like  puiiHises:  rrorithtl.  That  no  dam  shall  be  ])uilt  or  constnicteil  so  luf  tocaniie 
the  wafers  of  such  stream  to  flow  out  of  thenaturalcliannelorlKinksof  snchHtream 
at  its  ordinary  stap',  and  the  iKirty  (himaKin^or  injuring  the  lands  or  iKiHHessions 
of  another  by  reason  of  such  dams  or  res«TV<»irs  shall  1m*  liabh*  to  the  iHUrtyoo 
injured  for  the  actual  damage  occasioned  thereby.    (Compter  104,  S(>Hidon  Lawfl 

ISil.*).) 

i*<...u«f.n<.Hi f    ....ii.wi....        Skc.  1.  It  shall  be  lawful  for  any  iM'i-son  or  per- 

(onHtructlon    «^^^^  sons,  (oriH. ratio,,  or  er  u-,h  nations.  <oiniMiiiy  or  com- 

*  panies,  to  const  met  art>'>ian  w(>lI.suiM)nlandHOwned 

or  leased  by  su<*li  ]M*rson.  conijiany,  or  corporati«ni  for  the  i)urpose  of  iNiwer  and 
the  irrigation  of  lands  for  a;^ricultural  purjioses.  and  for  any  and  all  pur]M)fleB  for 
which  siiid  water  from  sucli  wells  may  be  utilized.     (Cliapti-r  {(•:{,  l^iws  1890.) 

Wh«  iuiiveniiKfrii<*f  ^^''^'-  ^'^'  '^''>'  I'''»-'^»"  *»»■  <'>u»I»aiiy,  or  any  conKiration, 
M  no  11111}  consiriM  i.    f,,n,„.,nii,der  the  laws  of  tliisStat*'  for  the  nuriK>iMm afoze- 

sjiid,  may,  for  the  ]Mir]H>se  t)f  laying  water  ])ipes,  const  ru»-tinj;  ditelies  and  water- 
ways, cause  such  examination  and  survey  to  be  made  as  may  be  necessary  to  the 
l(M'ation  of  the  most  a<lvantaK<«'Us  route,  and  !"or  su«h  ]»urpn>«'  siirh  ]M.>rHon,  com- 
j)any.  or  c<>rporat.ion.  by  thems<*lves.  their  a;;ent,  or  servants,  may  enter  uix>n  the 
lands  of  imy  other  i>erson,  company,  or  corj^oration.  and  shall  only  be  liable  for 
ju'tual  damages  sustained  by  reason  of  such  entrance  and  examination:  Pi*omded^ 
That  no  route's  for  waterways  shall  1m?  I<H*ated  withont  the  written  cons«mt  of  the 
ownt»r,  witliin  fifteen  nxls  of  the  dwellinj^  house  or  (»ther  buildinjrs  on  the  prem- 
i8<^H,  or  iuiross  any  orchard  or  i^ardeii,  without  such  written  consent. 

SiirnlnH  uiiier  ^'''^'*  '**  ^'<»'*^*"*  V'^^p* >?**** >f  disposin^^of  thcsurjilus  water  from 
nurpiiis  v«ui(r.  J^lly  jirtt'sian  well  it  shalllM*  lawful  for  the  saidiM'rsoii.c<mipany, 
or  coriwmition  to  (construct  the  necessiiry  wat<?rways  Irtnn  siiid  wtdl  on  the  routes 
as  provided  in  secticms  two  and  four  of  this  a<^t. 

KiiruliiH  water  ^^'^"  *^*  Wh(?never  any  waterway  shall  be  locat<»d  and  con- 
niirpiiis  i^iaier,    f^|I.^^.f,.^^  vinder  the  i)rovisions  of  this  act  across  th<i  lands  of  any 

p<»rson  oth(*r  than  the  lands  o\\^led  by  the  pn>i)rietors  of  .^ai«l  well,  such  ]HTson  may 
apply  to  the  pr«  >j)riet« u-s  for  th<.'  ri^ht  to  us**  the  sunilus  wat  •  r  fl« » win/:;  in  su('h  water- 
way or  ditch  to  irri^at*' his  own  lands,  and  thesjiidpr«)pnetor  shall  allow  him  to  nae 
and  a]»propriate  such  water  by  i>ayini?  a  just  rental  th<trefor.  The  rates  t< »  1m»  iiaid 
and  terms  and  conditions  uiuh^r which  said  surjilus  wat<;r  may  be  u.s<m1  shall,  n]xm 
pro]M'r  application  by  the  i)arties,  Ix'  fixnl  and  defin<*<l  in  a  ju.st  and  equitable 
manner  oy  the  lK>ar(l  of  county  <;(mimissi<»ners  at  a  rej^ular  f»r  s]N>cial  meeting 
theret)f,  and  either  party  may  apiK-al  to  the  circuit  court  of  Uivi  oiviulv  v;ithiti 
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which  the  said  waterway  is  located  from  the  decision  of  said  board,  in  the  manner 
provided  by  law  for  appeals  from  said  board,  and  the  decision  of  said  circuit  conrt 
shall  be  final:  Provided^  That  nothing  in  this  section  contained  shall  be  construed 
to  prevent  the  use  of  all  the  water  which  may  flow  from  said  well  by  the  proprie- 
tor thereof  upon  his  own  lands,  except  that  when  the  said  proprietor  shall  own 
land  located  beyond  the  lands  across  which  said  ditch  is  constructed,  an  equitable 
adjustment  of  the  rights  of  all  the  parties  shall  be  made  by  the  said  board,  sub- 
ject to  api)eal  as  aforesaid. 

P  iihl  \o  nflp  ®®^*  ^^'  Whenever  waterways  or  ditches  are  located  or  constructed 
•  along  any  public  highway  the  water  which  may  be  flowing  therein 
shall  be  for  the  use  of  the  public:  Provided,  That  when  any  owner  or  occupant 
of  the  lands  adjoining  or  lying  along  such  highwav  desires  to  use  any  x>ortion  of 
the  water  flowing  in  such  highway  or  ditch,  he  shall  make  application  to  the 
proprietor  of  said  well,  and  the  adjustment  of  the  amount  of  rental  to  be  x)aid  to 
said  proprietor  for  the  use  of  such  water  and  the  terms  and  conditions  thereof 
shall  be  made  bv  the  board  of  county  commissioners,  as  provided  in  section  eighteen 
of  this  act,  witn  right  of  appeal  as  therein  provided;  but  the  right  of  the  use  and 
/  appropriation  of  such  water  shall  be  subject  to  the  rights  of  the  xmblic  therein. 

1T«A  Af  wiit«r  from  nrivfttp        ^^^'  ^'  ^^7  P«rson»  association,  or  corporation 
t^se  or  water  from  private    owning  land  shall  have  the  right  to  sink  or  bore  an 
wens  iimiiea.  artesian  well"  or  wells  on  his,  their,  or  its  hinds  for 

the  purpose  of  procuring  water  for  domestic  use,  for  irrigation,  or  for  manufac- 
turing purposes;  but  in  wells  hereinafter  constructed,  no  more  water  shall  be 
appropriated  by  such  person,  association,  or  corporation  than  is  needed  for  said 
purpose  when  such  additional  use  of  water  interferes  with  the  flow  of  wells  on 
adjacent  lands.     (Chapter  80,  Laws  1895.) 

Y  <w>a«i/4n  /if  waIIu  ^ec.  43.  lu  locatiug  wells  in  townships  which  have  estab- 
liocauonoi  wens,  lig^je^  ^nd  put  down  wells  under  the  provisions  of  this  act 
for  public  use,  or  by  private  parties,  due  regard  shall  be  had  for  their  proper 
distribution  in  order  tnat  the  flow  of  the  wells  may  be  properly  equalized  and 
least  likely  to  interfere  with  each  other.  Should  any  well  m  such  township,  pub- 
lic or  private,  be  located  so  near  any  well  already  completed  or  in  process  of  com- 
pletion as  to  be  likely  to  interfere  with  the  same,  any  person  may  complain  in 
writing  to  the  State  engineer,  who  shall,  without  delay,  proceed  to  examine  the 
locality  and  determine  from  its  topography  and  the  proximity  of  the  wells  whether 
in  his  judgment  the  wells  as  located  would  unduly  interfere  with  the  one  already 
completed  or  in  course  of  completion.  If  in  his  judgment  there  will  be  no  mate- 
rial interference,  the  location  will  not  be  changed,  but  if  in  his  opinion  the  well 
as  located  will  materially  interfere  with  the  one  completed  or  in  the  course  of 
completion,  he  shall  change  the  location  of  said  well  to  some  more  suitable  locality: 
Provided,  That  when  permanent  buildings  have  been  located  on  any  farm  prior 
to  the  sinking  of  any  artesian  well  on  any  adjoining  farm,  this  act  shall  not  be 
construed  as  prohibiting  the  agent  or  proprietor  of  said  farm  from  sinking  an 
artesian  well  at  or  near  said  building  without  reference  to  the  proximity  of  any 
other  artesian  well.  The  State  engineer  shall,  within  five  days  after  said  exam- 
ination, make  a  written  statement  of  his  decision  and  file  the  same  or  a  copy 
thereof  in  the  oflBce  of  the  clerk  of  the  circuit  court  of  the  county  wherein  the 
said  wells  are  located.  Any  person  aggrieved  oy  the  decision  of  the  State  engineer 
may,  within  ten  days  after  the  filing  of  his  decision  in  the  ofiBce  of  the  clerk  of  the 
circuit  court,  and  upon  such  appeal  the  question  shall  be  tried  de  novo.  (Chapter 
80,  Laws  1895.) 

w  And  tirPHftnrP  of  wpIIs       ^?^'  ^'  '^^®  ^^^  engineer  is  hereby  authorized 
♦«  ii^^;lt^?«^H  and  it  is  made  his  duty  to  measure  or  cause  to  be 

to  DO  aetermi nea.  measured  the  flow  and  pressure  of  all  artesian  wells 

established  and  put  down  under  the  provisions  of  this  act,  public  and  private,  at 
such  times  as  he  may  deem  proper,  for  the  purpose  of  determining  tne  increase 
or  diminution  of  the  flow  or  pressure  of  said  well,  and  is  hereby  authorized  to 
enter  upon  any  grounds  for  the  purposes  aforesaid,  and  the  owner  or  owners  of 
such  well  or  wells  are  hereby  directed  to  furnish  the  necessary  material  to  con- 
struct a  suitable  weir  to  measure  the  flow,  and  all  reasonable  conveniences  shall 
be  afforded  for  this  purpose. 

Wo.4^^»  oi.«ii  »^«  K^  «r  A  of  Ail  Sec.  46.  No  person  controlling  an  artesian  well 
Water  shall  not  be  wasted.    ^^^  ^^^^  ^^  ^^^^  ^^  waters  thereof  to  flow  to 

waste  unless,  and  so  far  as  reasonably  necessary,  to  prevent  the  obstruction  thereof, 
or  to  flow  or  to  be  taken  therefrom  save  for  beneficial  uses:  Provided,  This  shall 
not  be  constnied  as  to  prevent  the  reasonable  use  of  said  water  for  the  necessary 
irrigation  of  trees  standing  along  or  upon  any  street,  road^ot  V^'^o^^^^^t  \sst 
ornamental  ponds  or  foimtains,  or  the  propagaUou  ol  i^s^. 
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rnanoitiinn  nf  waIIb  ^^^-  '**'  -^^X  towiiKliip  supenTflor,  the  county  cominiA- 
inHpeciion  oi  wi  ii».    gi„,ip„^  rowl  overwH^rn,  and  aldeniien,  or  other  city  oiBoera 

within  their  reHiKHttivc  t«)WiiHhiT)H.  conn  ties,  dtieH,  and  towmi,  uiKin  complaint  of 
any  person  that  the  proprietor  of  any  artenian  well,  or  i)erHon  (controlling  tne  same, 
iH  wont  to  8nif  er  the  watern  thereof  t«)  nnreiiHonably  run  to  waste  therefrom,  or  have 
in  any  n'>Mi)e(:t  violate<l  tluH  m;t,  niav,  at  any  reasonable  hour  of  the  day  or  night, 
enter  u|M>n  any  pn^uiises  when*  Kuch  well  is  sitnated,  for  in8|)ei^tinK  the  same  and 
for  asc'ertjiiniiiK  whetlier  there  in  Kuffident  cauHe  for  Hucrh  rouiiilaint,  and  in  order 
to  iiiHtitnte.  or  caumt  to  )m*  institut<Ml,  eriuiinal  pn>wH-ntionH  for  any  vioIationB  of 
thin  act.  and  every  iK^rnon  mnkin^  or  ))orinK  for  an  artesian  well  u]Min  his  own 
land,  or  snflFerinK  otherH  to  do  ho.  Hhall  lie  d(*iMn<Ml  in  law  t4)  ezpremly  license  snch 
entry  of  the  officers  aforesaid,  or  any  of  theiu.  for  the  pnqioHeH  of  such  iuHpection 
and  exiiniination. 

ie.....Kx.^  ..#•  ..t^iim  i»  »»^k  ^ET.  3.  Whenever  a  majority  of  the  qnalified 
♦  .»«^hi  .  iTiTn..  ilVaiodT  catKtors  of  any  c  rivil  township  in  the  State  of  South 
township,  wnen  uk  au  a.      ly^^y^^,^^^  ^ij^H  ^^^^^^.  ,„,  application  in  writing  to  the 

State  en^ne<>r  of  irri^ition.  rH^uestin^  hini  to  hK-^atti  within  said  ci\il  township 
artesian  wells,  not  to  exceed  nine  in  nnnilier  if  said  wells  sliall  \te  tax  inches  in 
diameter,  and  not  to  (txcee<l  sixteen  in  nnnilHT  if  said  wells  shall  In;  four  and  one- 
half  inches  in  diameter,  for  the  pnr|M)se  of  su])plyinK  the  pnblic  with  water,  it 
shall  1m*  the  duty  of  S4iid  (>npniH>r,  witliin  twcnity  days  fr<»m  the  nres(*ntadon  to 
him  of  said  anplication.  to  Us'ate,  or  canst-  to  Im>  Icn-ated.  in  saiu  township  the 
niiml>er  of  w(m1s  mt^ntiomMl  in  sjiid  apiilication.  not  cxcetMlin^  nine  if  said  wells 
be  six  inches  in  diamet.(*r.  and  not  fxcctslin^  sixt(M>n  if  said  wells  Im*  four  aud  one- 
half  inches  in  diameter,  at  siicli  lYhu't'is  as  shall,  in  the  jud^nent  of  the  State 
en^intvr  of  irrigation.  lH*st  substTve  tin*  int«*n'sts  of  the  landholders  of  the 
township.  Th«^  majority  of  I'liftors  is  to  1h»  det«'rmint'd  by  the  vote  of  the  civil 
township.  !is  sho>^ni  by  \\u'  jhiH  list  thereof  at  the  last  prweiling  election. 
(Cliiiptt-r  W».  Session  Laws  isiC). ) 

Ai.»iii.an..»  .....I  ....»....4  4<.  ^''•^'-  ''^'  The  State  enjdneer  shall,  within  thirty 
Applleatlon  a  id  repi^rt  to    ,|.^^.„  .^^^^.^  ^j^^,  ^^^.^..^^^  ,,j.  ^^.,^  written  application, 

tib*  the  same,  to^jotlicr  with  his  rejHjrt  l(K*ating  said 
wells,  in  the  oi!ic<'  of  the  rf'>rist»*r  of  <b'i*ds  in  and  tor  wild  county. 

RfMioH   in  vmiiAln  nliiit  «Kc.  1.  Tlir  rr]H.rt  of  thr  State  emonetT,  mentioned 

Ilepon.  10  <oiitaiii  wiiui.    j,,  srrtion  thn-^-of  iliisact.  shall  state  the  number  of 

wells,  the  hv/a^  of  each  well,  and  the  exact  Itn-ation  of  the  same,  together  with  a 
full  des<rri])tit)n  thereof. 

A».vii..,4i....  f,.^  «^.»  «r  Skc.  IS.  At  any  tinioafter  the  crmtract  for  sinkiuKof 
ApplK  atloii  lor  us<  or    ^^^^  ^^^^.^^  ^^.^^  |^.,.,,  ,.,,„ipi,.t,.,i  j„jy  ihtsou  owning  land  in 

^^^    ■**•  sjiid  townslii])  dt-sirinK  tlir  usr  of  any  wat<T  from  said 

well  for  the  punM).se  of  irrigation  shall  makr  to  tlit?  board  of  su^s^r visors  of  the 
townslii])  an  application,  in  writing.  <U*scnbin;r  the  tnu't  ot  land  U>  l)e  irrupated 
and  tin*  numlsT  ot  ju'res  to  which  wat«'r  is  to  br  a])plied.  and  that  the  appflcant 
is  willinj^  to  pay  for  the  siime  in  aiTe-ft'«'t. 

Kimrd  of  HiiiiorviHfirs  tii  Si-<'.  I!».  Within  ten  days  after  the  filing  of  said 
i3L i  for K  Jipplication  f.n-  water  the  ^H.anl  of  supervisors shaU 

<  onira(  I  for  use  or  nau  r.     ^.j,^^.^  .j,j,,  .^  eontrart  to  furnish  water  to  the  owner 

for  the  land  descrilK'd  at  a  lU'ice  jmt  a<rr»f-foot  of  water  to  Im-  tixed  in  s;iid  contract, 
which  shall  in  no  (*vent  Ix'  less  than  one  dollar  ])er  acre -foot  per  annum,  which 
shall  in  no  event  In*  used  and  employed  for  the  niaintenan<-e  and  i)ayment  of  said 
well  until  tlm  well,  ditches,  and  reservoirs  are  fully  oai^l  for  out  of  the  rentals: 
Pvovidvd^  That  wh<;never  the  owntT  of  said  land  ap])]ie>  to  the  lM)ard  to  furnish 
him  water  that  th«^  board  may  provide ^  that  the  water  be  <-onveyed  t^)  the  land  to 
Ihi  irrigat<'d  at  sjiid  owner's  ex]M*nse:  I'rttridnl  fiirt}tti\  That  for  the  purpose  of 
conveying  said  water  to  the  land  proimsed  to  be  irriKJ*ti'<l  the  owner  thereof ,  or 
the  township,  shall  have  the  right  of  condemnation,  a^  ]irovi<lcd  in  chapter  one 
hundred  and  three,  laws  of  eighteen  hundred  and  ninety.  The  les.siM*s,  or  any 
numlxir  or  one  of  them,  obtaining  water  flowing  from  any  well  constni(rte<l  under 
the  provisions  of  this  la^t  shall  have  the  right  at  anv  time  to  ]iun'hiiS4'  from  the 
townshij),  by  and  with  the  ('onstjut  of  a  majority  of  the  fre<*hi»hlers  of  said  town- 
sliij), deter min(?d  at  a  general  or  siH^-ial  election  called  by  the  h«)ard  of  suiMTvisors 
for  that  ^mri><>w-.  in  which  said  well  is  located,  the  well  from  whieh  he  or  they 
may  obt4im  water,  by  paying  to  sjiid  to\vn.sliip  the  cust  «jf  eonstrurtion  of  said 
wells,  ditches,  and  res«TVoirs,  tog«'ther  with  the  amount  for  which  sjiid  well  was 
l)ondii<l.  In  ciise  th«i  waters  from  any  sm^h  W(.'ll  art»  not  h^awMl  to  any  jwrson.  then 
the  board  of  sui)ervisors  of  such  townshi])  shall  have  the  iM)wer  and  right,  by  and 
with  the  consent  of  a  majority  of  thi^  freehol(h*rs  of  wiid  township,  deterniii'ied  at 
a  general  or  siiecial  election  called  by  th(^  board  of  suiM^rvis^ors  for  tliat  purpose, 


47 

to  sell  unto  any  i>erson  owning  land  in  the  vicinity  where  such  well  is  located 
such  well  constructed  under  the  provisions  of  this  act  for  the  amount  of  bonds 
issued  for  the  construction  of  said  well,  ditches,  and  reservoirs:  Provided,  That 
said  land  be  so  situated  as  to  be  susceptible  of  irrigation  from  the  waters  from 
said  well. 

A  .u.«ii  Attfi  An  a  n  ii  «-*«  4  w»^^4^  4i*  Sec.  30.  Tho  board  of  suT)ervi8ors  of  the  township 
tf  flw  wifh  iha  j^^^^^^  shall  file  or  caused  to  be  fil^  for  record  in  the  office 
of  dPPda  register    ^^  ^^^  register  of  deeds  of  the  county  in  which  said 

township  is  located  the  said  application  and  a  dupli- 
cate of  the  water  contract,  which  shall  be  recorded-  by  the  register  of  deeds,  and 
from  that  time  the  said  rights  given  under  the  said  contract  shall  run  with  the 
title  of  the  land,  and  shall  not  be  severable  therefrom  until  default  is  made  in  the 
payment  of  water  rent,  which  default  must  have  continued  thirty  days  before  the 
right  to  the  water  mentioned  in  said  contract  shall  be  severable  from  the  land. 

¥  i^^  ««.^»  i».  J  #A*  »«4^»  Sec.  21.  Every  township  having  constructed  wells 
Lien  «Pon  land  for  water    ^^^^^  ^^^^  ^^^  ^^,1  j^^^^  ^  j^^^  ^^^  ^y^^  1^^^  ^^^_ 

tioned  in  said  water  contract  from  the  time  said  con- 
tract is  filed  with  the  register  of  deeds,  as  provided  in  section  twenty  hereof,  and 
may  foreclose  the  said  lien  upon  the  said  lands  described  in  the  contract  by  adver- 
tisement, as  now  or  as  may  be  hereafter  provided  for  the  foreclosure  of  real  estate 
mortgages. 

iira4^..»An4.  i.A«r  AAii.^4Aii.        ^EC.  22.  It  shall  be  the  duty  of  every  township 
/it?.VumrL^f  '    treasurer  to  collect  the  water  rents  mentioned  in  this 

oisposiiion  oi.  ^^^  ^^^  immediately  pay  the  same  to  the  county 

treasurer  of  the  county,  whose  duty  it  is  to  set  the  same  aside  as  a  fund,  out  of 
which  he  is  directed  to  pay  the  interest  upon  the  water  bonds  of  the  township 
as  said  interest  shall  become  due. 

Tnwnnhlii  liAArd  hiav  Iavv  ^^^'  ^'  ^^  ^^^e  there  shall  not  have  been  sufficient 
1  ownsnip  Doara  may  levy    ^oney  paid  into  the  county  treasury  for  water  rents 

on  the  nrst  day  of  April  in  any  year  to  pay  the  amount 
of  interest  on  the  water  bonds  for  the  year,  then  it  shall  ne  the  duty  of  the  civil 
officers  of  said  township  to  levy  and  collect  a  sufficient  tax  to  pay  the  interest 
upon  the  said  bonds;  ana  it  is  hereby  made  the  duty  of  the  township  board  to  levy 
upon  the  taxable  property  of  the  civil  township  a  sufficient  tax  to  pay  the  interest 
upon  the  water  bonds  whenever  there  shall  be  an  insufficiency  of  funds  from 
water  rent  to  pay  the  interest  as  in  this  section  provided,  and  after  five  years  a 
sufficient  tax  shall  be  levied  upon  the  taxable  property  of  the  civil  township  to 
provide  a  sinking  fund  for  the  payment  of  the  principal  of  the  bonds  when  due, 
but  in  no  event  shall  such  tax  exceed  three  i)er  cent  upon  the  taxable  proi)erty  of 
the  township  in  any  one  year. 

nr^iio  #A»  fliiin»  a»4i4i4.i«i        Sec.  30.  If  at  any  time  the  petitioners  for  artesian 

^.I^,.vi^l«^  !^i}  wells,  as  herein  provided,  shall  state  in  their  petition 

reservoirs,  etc.  ^  ^^^  g^.^^  engineer  of  iirigation  that  they  desire 

said  wells,  or  any  of  them,  sunk  for  the  purpose  of  filling  lake  beds,  streams,  or 
artificial  reservoirs  in  said  township  for  public  purposes,  said  wells  shall  be  sunk, 
and  all  the  provisions  of  this  act  in  reference  to  obtaining  the  same  shall  apply  to 
such  wells,  excepting  that  the  constant  flow  of  said  wells  shall  be  allowed  unless, 
in  the  judgment  of  the  State  engineer,  the  flow  of  other  artesian  wells  used  for 
domestic  and  irrigation  purposes  are  diminished  thereby,  and  it  is  hereby  made 
the  duty  of  the  township  board  of  supervisors,  by  proper  dams  and  other  appli- 
ances, to  retain  as  far  as  possible  the  waters  from  said  wells  within  the  township 
providing  for  said  wells. 

v,.»«K««..r,„^iio...»«»^^»^.i  Sec.  32.  Whenever  the  application  to  the  State 
Number  ofwells  may  exceed    engineer  for  artesian  welfc  shall  call  for  a  well 

smaller  than  four  and  one-half  inches  in  diameter, 
authority  is  hereby  given  for  the  location  and  sinking  in  said  township  of  more 
than  sixteen  ai^tesian  wells. 

Dni^u  e^w>  ..o-r.  ^e  w  .4«^  Sec.  34.  The  State  engineer  may,  and  when  requested 
Kiiies  ror  use  or  water,  y^^  ^j^^  township  board  shall,  prescribe  rules  and  regula- 
tions for  the  distribution  and  use  of  water  from  public  wells  not  in  conflict  with 
law,  subject  to  the  approval  of  the  township  board  of  supervisors. 
D^^^.j  4«  K^  i,««4  K.r  41. «  Sec.  35.  It  is  hereby  made  the  duty  of  the  town- 
'^'"''^  JLI  a?«\?.?lf  w^^i  *  ""  sWp  board  to  embody  in  the  contract  for  the  sinking 
person  sinking  wen.  ^^  ^^.^  ^^^^^ic  artesian  wells  a  provision  that  the 

person  sinking  said  wells  make  a  record  of  the  depth  of  each  well  and  the  forma- 
tions entered  or  passed  through  in  the  construction  of  the  same,  and  such  provision 
is  hereby  made  tlie  essence  of  the  contract,  and  a  violation  thereof  ^.VkjaXWsfe  <:,<3tv- 
strued  to  be  a  violation  of  the  contract. 
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W.4A1-  i-fc  Ka  •aaIIaiI  .  iiAvr  ^BC.  86.  The  waters  derived  from  »riiMM  ^ww^tm 
Water  to  be  applied;  how.  pursuant  to  this  act  shall  be  applied  ftirtliapaf|iOM« 
of  irrigation,  for  domestic  purposes,  which  is  hereby  defined  to  meMt  tat  lioiif»- 
hold  use,  for  the  supply  of  domestic  animals  kep^t  with  and  for  iinb  vum  of  tiw 
household  and  farm,  and  the  watering  and  sustaining  of  trees,  grwiY  flow0ni,«iid 
shrubbery  about  the  house  of  the  consumer  in  an  area  not  exceeding  ono^Mlf  man 
of  land,  and  for  manufacturing  purposes:  Promded,  That  whenever  tho  nae  of 
said  wells  for  manufacturing  purposes  will  in  no  manner  obetmct  or  nitttetiallj 
diminish  the  waters  for  irrigation  purposes  the  board  of  township  sapenrliora  am 
authorized  to  lease  the  power  for  such  manufacturing  purposes  as  in  thflir  Judg- 
ment will  best  subserve  the  interest  of  the  people;  said  license  shall  not  be  for  * 
period  exceeding  ten  years:  Provided  furtfier.  That  the  lessee,  his  hebs  or  ttMlgBa. 
may  at  the  end  of  ten  years  renew  said  lease  by  paying  the  rental  at  w^k^  mIA 
power  shall  be  appraised  at  the  end  of  that  period,  and  the  moneys  arising  fram 
the  rentals  of  said  i)ower  shall  be  paid  into  the  county  treasurv  and  be  need  M  * 
fund  out  of  which  shall  be  paid  the  interest  and  principal  of  sud  water  bonds. 

Public  waterln,  pl«.e  pro-    J^ ^^^^XSZ'.^'^JSt^ 

to  a  point  on  tne  public  highway  nearest  tlieiiBto, 
and  provide  for  the  reception  of  said  water  a  tank  not  less  than  ten  feet  la  lengtii, 
tbree  feet  in  width,  and  two  feet  in  depth,  in  which  Hufficient  water  shall  be  iBnt 
to  supply  the  general  public  for  thia  puriM)H4H)f  wuU^nng  Htcx;k  and  other  domesfie 
uses. 


WATER-RIGHT  FORMS  USED  IN  SOUTH  BAKOTA. 

Form  of  mtticv  n-tiuirvtl  umlvr  Territorial  imr, 
LrfM'Htion  (M'rHfi<*at<'  (\vat<'r  n^cHt), 

Know  all  men  by  the80  pr<?w»nt8,  tluit  tlir  nnclorHiffnod. •,  ll 

locates  and  appropnates  the  waters  of stream,  crcrk,  or  gulch,  to  be 

and  diveii;ed  tnerefrom  at  a  iK)int  on  tlu^  wiino and  carritjd  thence  bjrdltol^ 

and  flnine  on  a  line  as  near  as  may  Im? to ,  tlie  place  of  intended 

The  number  of  inches  of  water  claimed  and  a|)pr(>priat<*d  is miners*! 

The  pun>OHe  of  the  appropriation  is  for  mining,  milling,  manufacturin|pt 
doim»stic  uses. 

Date  of  approx)riation  —  — ,  IS—.     Date  of  iM»stiii^  ut  tlie  head  of  ditch  — 
18^.    Date  of  certificate-         -,  is-  . 


WATRR  LAWS  OF  WYOMING. 


Constitution  of  Wyoming, 
article  i. 

Waio..  «»i4«.4«./4i  In  fifaiA  ^EC.  31.  WsteF  beliig  essential  to  industrial  pros- 
naT«r  control   in   Maie.    pe^ty.  of  limited  amount,  and  easv  of   (Hversion 

from  its  natural  channels,  its  control  must  be  in  the  State,  which,  in  providing 
for  its  use,  shall  equally  guard  all  the  various  interests  involved. 

ARTICLE  VIII. 

nr^^A*  lu  ^w>Mxwx^w>*^  ^r  «♦«*«  Section  1.  The  water  of  all  natural  streams, 
naier  is  property  or  »iaic.    springs,  lakes,  or  other  collections  of  still  water, 

within  the  boundaries  of  the  State,  are  hereby  declared  to  be  the  property  of  the 
State. 

HaovH  nf  ni\nfwi\i  ^^^'  ^'  There  shall  be  constituted  a  board  of  control,  to  be 
jioara  oi  coniroi.  composed  of  the  State  engineer  and  superintendents  of  the 
water  divisions;  which  shall,  under  such  regulations  as  may  oe  prescribed  by  law, 
have  the  supervision  of  the  waters  of  the  State  and  of  their  appropriation,  dis- 
tribution, and  diversion,  and  of  the  various  officers  connected  therewith,  its 
decisions  to  be  subject  to  review  by  the  courts  of  the  State. 
An»i.i4ni-iaiiAn  ^EC.  3.  Prionty  of  appropriation  for  beneficial  uses  shall 

Appropriation.       ^^^  ^^^  ^^^^  ^^^^^     jj^  appropriation  shall  be  denied  except 

when  such  denial  is  demanded  by  the  public  interests. 

nvafav  iiiviaiAna         ^^^-  ^-  ^^^  legislature  shall  by  law  divide  the  State  into 

naier  uiYisions.     ^^^^  water  divisions   and  provide  for  the  appointment  of 

superintendents  thereof. 

«i^a«A  t^ntmi  naAi*         ^^^'  ^'  Th^^e  shall  be  a  State  engineer,  who  shall  be  appointed 

state   engineer,     ^y  ^j^^  governor  of  the  State  and  confirmed  by  the  senate; 

he  shall  hold  his  office  for  the  term  of  six  years,  or  until  his  successor  shall  have 
been  appointed  and  shall  have  qualified.  He  shall  be  president  of  the  board  of 
control,  and  shall  have  general  supervision  of  the  waters  of  the  State  and  of  the 
officers  connected  with  its  distribution.  No  person  shall  be  appointed  to  this 
position  who  has  not  such  theoretical  knowledge  and  such  practical  exx)erience 
and  skill  as  shall  fit  him  for  the  position. 

article  xriL 

Wttv  a^^ni^A  u.a4A..  K^  »«k  ^^c.  5.  Muuicipftl  coFporatious  shall  have  the 
f.L^!l!lalfL  „  .?  J  I « .V '  «a"i«  right  as  individuals  to  acquire  rights,  by  pnor 
^AmnAti i!n  appropriation  and  otherwise,  to  the  use  of  water  for 

domestic  and  municipal  purposes,  and  the  legisla- 
ture shall  provide  by  law  for  the  exercise  upon  the  part  of  incorporated  cities, 
towns,  and  villages  of  the  right  of  eminent  domain  for  the  imrpose  of  acquiring 
from  prior  appropriators  upon  the  payment  of  just  compensation,  such  water  as 
may  be  necessary  for  the  well  being  thereof  and  for  domestic  uses. 

Session  Laws  of  Wyominu,  1890-91. 

chapter  VIII. 

Wflti^r  iliviRinns  iloflned  SECTION  1.  The  State  of  Wyoming  is  hereby  divided 
nater  aivisions  aennea.  -^^^^  ^^^^^  ^^.^^^^  divisions,  denominated  water  divi- 
sion No.  1,  water  division  No.  2,  water  division  No.  3,  water  division  No.  4, 
respectively. 

Sec.  2.'  Water  division  No.  1  shall  consist  of  all  lands  within  this  State  drained 
by  the  North  Platte  River  and  the  tributaries  of  the  North  Platte  River  and  the 

'  As  amended.  1895. 
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^mtli  Phittn  Riv<'r,  Snuko  Rivor  (a  tribntHry  of  Grt'on  River)  and  its  tribntaries, 
and  RnnuiiiK  WiittT  ( 'n't^k  and  itH  tributarii'H. 

Sec.  :).'  Wat4>r  dixisicm  No.  2  nliall  consist  of  all  lands  within  this  State  drained 
by  tlio  tributJirifs  of  tlu*  WllowKton«  and  Missouri  rivers  north  of  the  water- 
kIkmI  of  thii  North  PlatU.^  and  Running  Water  Creek  and  east  of  the  summit  of 
the  Bij?  Horn  Mountains. 

Ski 7.  4.'  Wat(*r  divi.sion  No.  3  shall  (^msist  of  all  lands  within  this  State  drained 
by  th<'  Big  Horn  RiviT  and  its  tributari('s  and  l>y  Clarks  Fork  and  its  tribatariea. 

Skc\  5.  vVati'r  division  N(».  4  shall  (consist  of  all  lands  within  this  State  drained 
by  tho  Green.  B<'ar,  and  Snake  rivers,  and  the  tributari(*s  thereof:  except  Snake 
RiviT,  a  tributary  of  Green  River,  and  its  tributaries. 

u»i..^..  «r i-««^        fc>K<---  *^-  Th<?  State*  eiiLfiniKT  shall  receive  a  salary  of  two 

«ttiur>  or(ii|,intor.    thousiind  five  ImndnHl   dollars  irt   annum,  iiayable   in 

monthly  installments  by  the  State  treasurer  ui)on  warrants  drawn  by  the  State 
auditor. 

m^  ..lu..^  ^v-^-'  '*'  I'ho  State  en^fint'er  shall  keep  his  officii  at  the  State  capital 
**  «™^^-  in  the  caiutol  buildiuK 
iiiu  ..»4k  »n.i  K....J  »^^'<*-  ^-  Before  entmnjf  ui>on  the  duties  of  his  office  he 
uiH  <min  ana  doimi.  ^j^^^jj  ^j^^^.  ^^^^^j  subseriln^  an  oath,  before  wane  officer  author- 
ized by  the  laws  of  the;  Stat(>  to  administer  (»aths.  to  faithfully  ixirform  the  dnties 
of  his  (>f[i(M>,  and  sliall  tile  with  tlie  se(*retary  of  Statt*  said  oath,  and  his  official 
bond  in  tlu^  ]M>nal  sum  of  tive  thousand  doHars,  with  not  less  than  two  sureties, 
to  la"  api)roved  by  the  K*>vernor  of  the  State,  and  coiiditioniKl  for  the  faithful  dia- 
char^e  of  the  tbities  of  his  ofliee  and  for  di*livery  to  his  succ'essr)r,  or  other  officer 
appointed  by  tlie  f^ovcrmir  to  n'ceive  the  same,  all  moneys, lKH>ks.  and  otherprop- 
erty  iH'Ion^n^  to  the  State  1)i«'n  in  liis  hands  or  under  his  (Mmtrol.  or  with  whi& 
h(^  may  In*  le^'^lly  (rhar^^eable  as  such  ofHcer.  No  intsou  shall  1n»  appointed  as 
such  »State  en^infMT  who  is  nnt  known  to  have  such  theoretical  knowledge  and 
practical  skill  and  experience  as  shall  til  him  for  tin;  iwisitinn. 

n..4i..^  i»r  .......  I. .<.....       ^^'•^■'  **•  The  State  cnjoneev  shall  iM-rf*  nnsueh  duties  aaare 

ifiiiH  s  or  I  iit^iiK  i  r.  p,.,.^.,.i]»,.,|  j,j  ^1,^.  law  defining  the  <(utiesof  the  l)oanl  of  con- 
trol.and  in  addition  shall  make  or  caus<'  to  bi>mad(*  measurements  andcalculatiooa 
of  the  dischari^e  of  stnsims  frttm  which  water  shall  l)e  taken  for  iK'neficial  pnr- 
jMises,  commencing; such  work  uimju  thf».se  streams  as  are  most  us«k1  for  irrigation 
or  other  iN^neticial  purposes.  Ileshall  cullect  facts  and  make  survevs  to  deter- 
mine the  most  suitabh'  location  for  constructing;  works  for  utilizing  the  water  of 
the  State,  and  toas<'ertain  the  l(M-ati'>n  <»f  tlic  lands  lN>st  suited  for  irrif^atlon.  He 
sliall  examine  reservoir  sites  and  shall,  in  his  reports,  emlK»dy  all  the  facts aaoer^ 
tallied  by  such  surveys  and  examinations,  iiK-hnliiiK-  wlien-ver  ])nu*ticable,  esti- 
mates of  the  cost  of  ])ro|)os<'d  irriKJ»tion  works  and  of  the  im])rovement  of 
reservoir  sites.  lie  shall  In^eome  con  versmt  with  the  waterways  of  the  State  and 
the  lu-eds  of  the  State  as  to  irrij^ation  nuitters.  an<l  in  his  re]M»rts  to  the  gov- 
ernor he  shall  make  sui.'h  su;;;;estioiis  as  to  the  amendment  <»f  existing  laws,  or 
the  <'iiactment  of  new  laws,  as  his  information  and  exjM'Hence  shall  suggest,  and 
he  sl)all  ki-ep  in  liis  ollice  full  and  pro]M'r  records  of  his  work,  observationB, and 
calculations.     All  <)f  which  shall  be  the  ]»rojM'rty  of  tin*  State. 

Vsm'stjiiit  emrliieer  ^''"*'-  *'*•  '^'*"*   ^^''^^''    ••»'-^J'"-'^'   ^^'='^^    J"^^'^'   th(i  power  tO 

"H«"     i.    «.iiij,l(,v  an  assistant  en^ine«-r.  at  an  ex])ense  not  t<}  exceed 

twelve  hundred  dollars  per  year,  Jiiid  to  employ  other  assistants  at  a  total  addi- 
tional exp4*nse  not  to  excceil  five  hundred  dollars  per  veiir:  such  assistant  engi- 
neer and  such  additional  assistants  to  be  ]»aid  out  of  any  money  apx)ropriated 
for  that  puri)ose.on  tufrtiticatesof  the  State  4'n^^ineer  showin^^the  amount  of  BUCh 
employment  and  the  com])ensatioii  therefor,  and  on  the  presi-ntation  of  such  oer- 
titicat*'  t<»  the  State  auditor  he  shall  issue  a  warrant  on  tliL-  State  treasurer  for  the 
amount  thereof. 

Tnivelliiir  evneiiM^s  iillowed  ^^•''-  ^^-  ^^'l'«"  ^^»*'  Si  at  «M*n-inecr  or  his  assistant 
I  ra\<  ilnu  <  xpi  iim  s  allo>w  <l.  <.„j,i,i^.,.^.  ^^  ,..^ii,.<|  .j^,..„.  ,•,.,,„,  his  oflice  he  shaU  be 

entitled  to  his  actual  traveling:  exisaises,  which  sliall  l)e  ]>aid  «iiit  <»f  any  money 
appropriated  for  that  i>uriM»s4'on  tne  certiticat**  of  said  State  enj^neer:  such  cer- 
titiciite  shall  be  present e<l  to  the  State  auditor,  win »  shall  thereupon  draw  upon 
the  State  treasurer  for  the*  amount  thereof. 

RpimHoreiiifiiHM^r  ^*''*'-  ^^^-  '^*""  ^"^tate  engineer  shall  prepare  and  render  to 
Jiepori  oi  <  ii^iiui  r.    ^j^^,  ^r„vernor  biennially,  and  often..r  if  ivciuired,  full  and 

true  n*ports  of  his  work  toiichin^^  all  the  maitersand  duties  d^volvin^  uinm  him 
by  virtue  of  his  ollice.  which  report  shall  be  delivered  to  they:«ivi'rnor  on  or  l>efore 
the  thirtieth  <hiy  of  November  of  the  year  preceding  the  rej{:ular  session  of  the 
le^slature. 


'  As  amel\ded.  \><\C». 
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Division  Superintendents. 

A  »..^i.4«»^.4^  ««^  ♦.v«w.  Sec.  13.  There  shall  be  one  superintendent  for  each  of 
Appointment  and  term.    ^^^  ^^^^  divisions  by  this  act  created,  who  shall  be 

appointed  by  the  governor,  with  the  consent  of  the  senate,  who  shall  hold  Ms 
office  for  fonr  years,  or  until  his  successor  is  api>ointed  and  shall  have  qualified, 
and  who  shall  reside  in  the  water  district  [division]  for  which  he  is  api>ointed. 
The  superintendent  of  each  water  division  shall  have  immediate  direction  and 
control  of  the  acts  of  the  water  commissioners  and  of  the  distribution  of  water 
in  his  water  division,  and  shall  perform  such  duties  as  shall  devolve  upon  him  as 
a  member  of  the  board  of  control. 

Diitien  ^^^'  ^^'  ^^  division  sui>erintendent  shall  have  general  control  over 
1  uiies.  |.|jg  ^ater  commissioners  of  the  several  districts  within  his  division. 
He  shall,  under  the  general  supervision  of  the  State  engineer,  execute  the  laws 
relative  to  the  distribution  of  water  in  accordance  with  the  rights  of  priority  of 
appropriation,  and  perform  such  other  functions  as  may  be  assigned  to  him  by  the 
State  engineer. 

w»«  »«»ir^  »4^»»i»4f^»^  Sec.  15.  Said  division  superintendent  shall,  in  the 
May  make  regulations,    distribution  of  water,  be  governed  by  this  act  and  acts 

now  in  force,  but,  for  the  better  discharge  of  his  duties,  he  shall  have  authority 
to  make  such  other  regulations  to  secure  the  equal  and  fair  distribution  of  water, 
in  accordance  with  the  rights  of  priority  of  appropriation,  as  may,  in  his  judg- 
p       j  ment,  be  needed  in  his  division:  Provided,  Such  regulations  shall  not 

be  in  violation  of  any  part  of  this  act  or  other  laws  of  the  State,  but 
shall  be  merely  supplementary  to  and  necessary  to  enforce  the  provisions  of  the 
general  laws  and  amendments  thereto. 

AtiiftpAl  from  ^^^'  ^^'  '^y  person,  ditch  company,  or  ditch  owner  who  may 
Appeal  irom.  ^^g^  himself  injured  or  discriminated  against  by  any  such  order 
or  regulations  of  such  division  superintendent  shall  have  the  right  to  appeal  from 
the  same  to  the  State  engineer,  by  filing  with  the  State  engineer  a  copy  of  the 
order  or  regulation  complained  of  and  a  statement  of  the  manner  m  which 
the  same  injuriously  affects  the  petitioner's  interest.  The  State  engineer  shall, 
after  due  notice,  hear  whatever  testimony  may  be  brought  forward  by  the  x)eti- 
tioner,  either  orally  or  by  affidavit,  and  through  the  division  superintendent  shall 
have  power  to  susi)end,  amend,  or  confirm  the  order  complained  of. 

w^o4A»^.o.-..niaai^nA»a4^^»^  •  Sec.  17.  All  Water  commissioners  shall  make 
W  ater  commissioners  lo  re-    repQj.tg  ^  ^he  division  superintendent  of  their  divi- 

l2liJ2  fllEaf  ^l7i.   -J*    won  as  often  as  mav  be  a^emed  necessary  bv  said 
rriJ^f.  /I'i  superintendent.    Said  repori^s  shall  conta&i  the  fol- 

superinienaeni.  lowing  information:  The  amount  of  water  neces- 

sary to  supply  all  the  ditches,  canals,  and  reservoirs  of  that  district;  the  amount 
of  water  actually  coming  into  the  district  to  supply  such  ditches,  canals,  and 
reservoirs;  whether  such  supply  is  on  the  increase  or  decrease;  what  ditches, 
canals,  and  reservoirs  are  at  that  time  without  their  proper  supply,  and  the 
probability  as  to  what  the  supply  will  be  during  the  period  before  the  next  report 
will  be  required;  and  such  other  further  information  as  the  division  superin- 
tendent of  that  division  may  suggest.  Said  division  superintendent  shall  care- 
fully file  and  preserve  such  reports,  and  shall  from  them  ascertain  what  ditches, 
canals,  and  reservoirs  are  and  what  are  not  receiving  their  proper  supply  of 
water;  and  if  it  shall  appear  that  in  any  division  of  that  district  (district  of  that 
division)  any  ditch,  canal,  or  reservoir  is  receiving  water  whose  priority  post- 
dates that  of  the  ditch,  canal,  or  reservoir  in  another  district  as  ascertained  from 
his  register,  he  shall  at  once  order  such  post-dated  ditch,  canal,  or  reservoir  shut 
down  and  the  water  given  to  the  elder  ditch,  canal,  or  reservoir;  his  orders 
being  directed  at  all  times  to  the  enforcement  of  priority  of  appropriation,  accord- 
ing to  his  tabulated  statement  of  priorities,  to  the  whole  division  and  without 
regard  to  the  district  within  which  the  ditches,  canals,  or  reservoirs  may  be 
located.  The  reports  of  water  commissioners  to  the  division  superintendents  of 
irrigation  shall  be  filed  and  kept  in  the  office  of  State  engineer. 
¥»«„  »#<.«»^.i»4^^„^^»4.  1.I0  Sec.  18.*  Said  division  superintendents  of  water 
^     ««Trid  hnnd    '  divisions  Nos.  2, 3,  and  4  shalleach  be  paid  eight  dol- 

oain  ana  oona.  j^^  ^^  ^^^  ^^^  every  day  actually  consumed  in  the 

performance  of  his  duties  as  such  division  superintendent.  Sui)erintendent  of 
water  division  No.  1  shall  receive  annually  a  salary  of  one  thousand  five  hundred 
dollars  payable  in  monthly  installments,  and  shall,  in  addition,  be  paid  his  actual 
traveling  exx)eiises  when  called  away  from  home  to  the  performance  of  his  duties. 
Before  entering  upon  the  duties  of  his  office  such  division  suyerixiteii^^tiX,  ^mP^ 


As  amended,  10^. 


52 

tako  and  Rnb8cri>)e  an  oath ,  before  nomo  officer  anthori»Hl  by  the  laws  of  the  State 
to  a<lniiniHtiT  oaths,  to  faithfully  )>i*rfomi  the  dutieHof  his  office,  and  file  with  the 
Hecretary  of  ntate  naid  oath  and  nis  official  Ixind  in  the  iNinal  mim  of  two  thousand 
five  hundred  dollars,  with  not  less  tlian  two  Hureties,  to  be  a[)proved  by  the  governor 
of  th(;  State,  and  conditioned  for  the  faithful  discharge  of  the  duties  of  ms  oflBoe. 

Haw  i-iinHf  itiif  od  •  iiiPotinirH  ^^'^'  ^^^  '^^^^^^  ^"  hereby  constituted  a  board  of 
Hon  ton»mul^«,iiie< lings    control, comixised  of  the  State  engineer  and  the 

•  suiK'rintendents  of  the  four  water  aivimonfl.    Said 

board  shall  liave  an  office  with  the  Stat<>enKin(*er.in  the  capitol.at  Cheyenne,  and 
shall  liold  two  iu(M;tinp4  vnch  year  for  the  transaction  of  such  businefls  as  may 
coni<}  iK'fore  it,  the  first  «»f  said  nuvtiufcs  to  Ih'^u  on  the  sei*ond  Wednesday  in 
Marcli  and  th(*  scnrond  on  the  third  W(Mln(*sday  in  CK'tober.  The  State  engineer 
shall  Im>  ex  officio  president  of  said  iNtanl.and  simll  have  the  right  to  vote  on  all 
<iuesti(»us  coming  tx'fon*  it,  and  a  majority  of  all  the  members  of  said  b(MTd  shall 
constitntt^  a  (iuoruin  to  transacrt  business.  The  suiM*rinteudent  of  water  division 
No.  1  shall  1x3  the  s<^*rctary  of  the  State  lx)ard  of  control,  and  it  shall  be  his  dnty 
to  keep  a  full,  true,  and  c<implcte  nnrord  of  tlie  transiu'tions  of  said  board  and  to 
certify  under  seal  all  ci^rtiticates  of  appropriation  of  water  made  in  acoozdanoe 
with  the  provisions  of  this  act. 

Skc.  2<).  It  sliall  l>e  tlie  duty  of  said  board  at  its 


i^ation  and  iMMMintinued  as  rap- 
idly as  i>ra<*ti<'a]>le  until  all  the  claims  for  a]»])ropriation  now  on  reconl  shall  have 
lieeii  aujudicatcd.  The  iiietho<l  of  determining  tlu;  priority  and  amounts  of  appro* 
prijition  sliall  Im^  jis  follows: 

Tlie  lH)ard  of  (rontrol  shall  d<H'idf  at  their  first  iii(H»tinK  the  stn^ams  to  be  first 
adjudicate<l,  and  shall  fix  a  time  ff»r  iN'^^iinin^  tht^  taking  of  testimony  and  the 
making  of  such  examination  as  will  enable  them  to  determine  the  rights  of  the 
vari(»us  claimants.  Said  lK)ard  shall  i)repare  a  notice,  setting  f(»rth  the  date  when 
the  enj^iitMT  will  Ikj^u  a  measurement  of  the  stream  and  tlie  ditches  diverting 
th(»  water  therefrom,  and  a  phice  and  a  day  cATtnin  when  the  suiM*rintendent  of 
thf^  water  division  in  which  the  stream  to  )n^  adjudicated  is  situatM,  sliall  begin 
tli4*  taking  «»f  testimony  as  t<»  the  rights  of  tlie  jiarties  rlaiminj?  wat(»r  therefrom. 
Sjiid  notice  shall  be  pu^ilislu'd  in  two  issurs  of  a  n<*ws]»aiMT  having  gtmeral  circu- 
lation in  the  county  in  whieh  sucli  stn-am  is  Kituatinl.  tin*  publication  of  said 
notier  to  Im'  at  least  thirty  days  ]»rior  to  th(>  Ix'Kinnin^  (»f  taking  testimony  by 
said  division  snpcrintt^ndent,  or  for  tht^  mcasiiremeni  df  th<*  stream  by  the  State 
en^nt^er  or  his  assistant,  and  the  su|H'rint<-n<lrnt  taking  sncli  testimony  shall 
have  th(*]>ow(>rto  adjourn  the  taking  of  evidi'iiee  fnmi  tinit*  to  time  and  from  place 
to  pi  are:  /Vor/</r</,  All  places  ajjpointed  and  adjoiirnrd  t«>  by  tliesujierintendent 
sliall  Iw  so  situated,  as  relat(*d  to  tlie  stn-aniM,  as  sliall  l»rst  suit  the  proper  con- 
venionct*  of  the  ]>(?rsons  inter4>sted  in  the  detcrminatitin  nf  such  priorities  and 
a]>proi)riations.  It  shall  also  \h^  the  duty  of  said  division  sniH>rintendent  to  mail 
to  eacii  partv  having  a  retrorded  claim  to  th«>  waters  nf  siicli  stream,  by  ren^istered 
mail,  a  similar  notice,  setting  forth  the  date  wht'ii  the  State  en^'neer  or  his 
assistant  will  be^n  the  examination  of  the  stream  and  ditches  divertinfc  water 
therefrom,  and  also  the  date  when  the  suiN'rintcndmt  will  br^in  the  taking  of 
testimony  and  the  date  wlH>n  the  taking  of  such  testimony  by  said  divisitm  snpei^ 
intendent  shall  close,  and  he  shall,  in  addition,  inclose  with  s;iid  notice  a  bUink 
form,  on  which  said  (daimant  shall  ])i'fsent  in  writin;^a11  the  ])articulars showing 
th(^  amounts  and  dates  of  appropriations  to  the  use  of  water  of  said  stream  to 
whi4-h  he  lays  claim:  the  said  statement  to  iiu-lude  the  following;: 

The  name  and  iM)st-< »ific<'  address  of  the  claimant. 

The  nature  of  the  us(i  on  whi<'h  the  claim  for  an  ap]>ro])riation  is  basiKl. 

The  time  of  the  commencement  of  such  use;  and  if  distributing  works  are 
rtMiuired. 

Tin*  date  of  Ix^Kinnin^  of  survey. 

The  datt;  of  Isr^nnin^  of  constructi(»n. 

The  date  when  (romplet^;d. 

The  <hite  of  iH'j^nnin^  and  comph?tion  of  (mlar^ements. 

Th(f  dimensions  of  the  ditch  }is  ori^nallv  constructed  and  as  «'nlar^(>d. 

The  date  when  water  was  first  used  for  ini^ation  or  other  ])eneticial  piir)K)Ree« 
and  if  uwmI  for  irrigation,  the  amount  of  land  retdainii'd  the  tirst  year;  the  anionnt 
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in  subseqnent  years,  with  the  dates  of  reclamation,  and  the  amonnt  of  land  such 
ditch  is  capable  of  irrigating;  the  character  of  the  soil  and  the  kind  of  crops  cul- 
tivated, and  such  other  facts  as  will  show  a  compliance  with  the  law  in  acquiriuK 
the  appropriation  and  the  rank  of  priority  claimed. 

Statements  to  be  under  ?S?;!^t?*^^  1^  said  claimants  shall  be  required  to 
»M»i;^.u^  oftth  certify  to  his  statements  under  oath,  and  the  superm- 

tendent  of  the  water  division  in  which  the  testimony 
is  taken  is  hereby  authorized  to  administer  such  oath,  which  shall  be  done  with- 
out charge  to  the  claimant,  as  also  shall  be  the  furnishing  of  blank  forms  for  said 
statement. 

(2n».A..i»4^A» ja»4  4o>ir^<,  4^o*i  Sec.  22.  Upon  the  date  named  in  the  preceding 
^^nnv  thl«?\.^H^!  „^^^^      notice  the  division  superintendent  shall  Ibegin  th% 

mony,  when;  notice  upon    ^j^.      ^^  ^^  testimoby,  and  shall  continue  until 

completion  of  testimony.  ^-^  testimony  shall  be  completed:  Provided,  That 
in  case  the  division  superintendent  of  any  water  district  [division]  is  directly  or 
indirectly  interested  m  the  water  of  any  stream  of  his  division,  the  taking  of 
evidence  in  so  far  as  relates  to  said  stream  shall  be  under  the  direction  of  the 
division  superintendent  of  the  next  nearest  water  division,  or  under  the  direct 
personal  supervision  of  the  State  engineer,  as  may  be  deemed  most  expedient. 
Ul)on  the  completion  of  the  taking  of  evidence  by  the  division  superintendent  it 
shall  be  his  duty  to  at  once  give  notice,  in  one  issue  of  some  newspaper  of  gen- 
eral circulation  in  the  county  where  such  determination  is,  and  oy  registered 
mail,  to  the  various  claimants,  that  upon  a  certain  day  and  at  a  place  named  in 
the  notice  all  of  said  evidence  shall  be  open  to  the  inspection  of  the  various 
claimants,  and  said  superintendent  shall  keep  said  evidence  open  to  inspection  at 
said  place  not  less  than  one  day  and  not  more  than  five  days. 
TontestA  Sec.  23.'  Should  any  person,  corporation,  or  association  of  persons 
owning  any  irrigation  works  claim  [ing]  any  interest  in  the  stream  or 
streams  involved  in  the  adjudication,  desire  to  contest  any  of  the  rights  of  the 
pei'sons,  corporations,  or  associations  who  have  submitted  their  evidence  to  the 
superintendent  as  aforesaid,  such  persons,  corporations,  or  associations  shall, 
within  fifteen  days  after  the  testimony  so  taken  shall  have  been  opened  to  public 
inspection,  as  provided  in  section  twenty-two  of  said  act,  in  writing,  notify  the 
superintendent  of  the  water  division  in  which  is  located  said  irrigation  works  or 
stream  or  streams,  stating  with  reasonable  certainty  the  ground  of  their  proposed 
contest,  which  statement  shall  be  verified  by  the  affidavit  of  the  contestant,  his 
agent  or  attorney,  and  the  said  division  superintendent  shall  notify  the  said  con- 
t^tant  and  the  person,  corporation,  or  association  whose  rights  are  contested,  to 
appear  before  him  at  such  convenient  place  as  the  superintendent  shall  designate 
in  such  notice.  Said  superintendent  shall  also  fix  the  time,  both  as  to  the  day  and 
hour,  for  the  hearing  of  said  contest,  which  date  shall  not  be  less  than  thirty  nor 
more  than  sixty  days  from  the  dat€  the  notice  is  served  on  the  party,  association, 
or  corporation,  which  notice  and  the  return  thereof  shall  be  made  in  the  same 
manner  as  summons  are  served  in  civil  actions  in  the  district  court  of  this  State. 

Superintendents  of  water  divisions  shall  have  power  to  adjourn  hearings  from 
time  to  time  upon  reasonable  notice  to  all  the  parties  interested,  and  to  issue  sub- 
poenas and  compel  the  attendance  of  witnesses  to  testify  upon  such  hearini^, 
which  shall  be  served  in  the  same  manner  as  subpoenas  issued  out  of  the  district 
courts  of  the  State,  and  shall  have  the  power  to  compel  such  witnesses  so  sub- 
poenaed to  testify  and  give  evidence  in  said  matter;  said  witnesses  shall  receive 
fees  as  in  civil  cases,  to  be  paid  by  the  party  or  i)arties  against  whom  the  contest 
shall  be  finally  determined. 

The  evidence  on  such  proceeding  shall  be  confined  to  the  subjects  enumerated 
in  the  notice  of  contest. 

The  superintendent  shall  require  a  dex)Osit  of  eight  dollars  from  each  party  for 
each  day  he  shall  be  so  enga^ea  in  taking  evidence  on  said  contest. 

Upon  the  final  determination  of  the  adjudication  of  the  matters  by  the  board 
of  control,  an  order  shall  be  entered  directing  that  the  money  so  deposited  shall 
be  refunded  to  the  persons,  associations,  or  corporations,  in  whose  favor  such  con- 
test shall  be  determined,  and  that  all  moneys  deposited  by  other  parties  therein 
shall  be  turned  over  by  the  superintendent  to  the  State  treasury  to  the  credit  of 
the  fund  provided  for  the  maintenance  of  the  board  of  control. 

Upon  the  completion  of  the  evidence  in  the  original  hearing  before  the  super- 
intendent, as  provided  in  the  previous  section,  and  the  evidence  taken  in  all  con- 
tests, it  shall  be  his  duty  to  transmit  all  the  evidence  and  testimony  in  said  adju- 
dication to  the  office  of  the  board  of  control,  in  person  or  by  registered  mail. 
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Mo.H„r.m.„t«f Htre.„.  and    orl^;o'1i«Si^:^*i^,?«'.l„^T^^^^ 

aiicneH.  HpetrifiiMl  111  tho  notice  to  the  {Arties  on  said  stTBam 

to  be  adjudicutml,  to  mako  an  examination  of  Haid  Htreaui,  and  the  works  divert- 
inK  wat<>r  therefrom,  Haid  examiuaticm  to  include  the  meaHurement  of  the  dia- 
chargeof  said  Htreani,  and  of  the  carrying  cafiacity  of  the  varionH  ditches  And 
canalH  div<TtinK  water  therofrrim;  an  examination  of  the  irrigateil  lands,  and  an 
approximate  iiieaHurement  of  the  lands  irrigat«^l,i)r  HnHcttptibleof  irrigation  from 
the  variouH  dit(^li<^  and  c^anals,  which  said  obHervations  and  measnrements  shall 
l)e  reduced  t^)  writin^jc.  and  made  a  matter  of  r(H;ord  in  his  office,  and  it  shall  he 
the  duty  of  the  Ktatt^  <'nKin(H;r  to  make,  or  cause  to  be  made,  a  map  or  plat,  on  a 
K(!ale  of  not  less  tlmn  one  inch  to  the  mile,  sliowinK.  with  substantial  accnracy, 
thecours«M)f  wild  stream « the  location  of  each  ditch  or  canal  divertinn^  water 
therefnmi^and  the  le^al  subdivisions  of  land  which  have  been  irrigated,  or  which 
are  susceptible  of  irrigaticm,  from  tho  diti-^hes  and  canals  already  constmoted. 

i\w,A..^  .i..«A,.i..ini»»  »..i..^i  Sk^'-  2«"».  At  the  first  regnlar  meeting  of  the  board 
Order  Ueteriulning  priori-    ^^  control,  after  the  completion  of  «5ch  measnx^- 

•  ment  by  the  State  enKinwT,  and  the  return  of  said 

evidemre  i)ysaid  division  superintendent,  it  shall  1m»  tlieduty  of  the  iKiardof  con- 
tn>I  to  make,  and  causi*  t(»  l)e  entertsl  of  nn'ord  in  its  office,  an  onler  determining 
and  establishiuK  tlies<>venil  priorities  of  ri^ht  to  the  ust*  of  waters  of  said  stream, 
and  the  amounts  of  approxiriations  (»f  tht^  S4'veral  is'rsons  claiming  water  from 
such  stream,  and  tii<*  character  and  kind  of  um*  for  which  said  appropriation 
shall  In'  found  to  have  Ihmmi  made.  Each  appropriation  shall  b<*  determined  in  its 
]>riority  and  amount  by  the  time  by  which  it  shall  have  Imhmi  made  ami  the 
amount  (»f'  wattT  which  shall  havrlMiMiapplitMl  f<»r  iM'nefiriul  ]mrpom>s:  Provided^ 
That  such  ap])ropriat()r  shall  at  110  tiint*  be  entithsl  to  the  iis(»  of  more  water  than 
hi;  can  make  a  iN'neticial  application  of  cm  the  lands  for  tho  iN'uefit  of  which  the 
appro])riatinn  may  have  lMH>ns4*<'ur<Ml;  and  thciimount  of  any  ai>]»ro]>riation  made 
by  rciison  of  un  onlar^ement  of  distributing  works  shall  l>e  (fett^nnined  in  like 
manner:  Pmnhlni^  That  no  allotment  shall  ex<*(N*d  on*'  <rubir  foot  ]>er  second  for 
<*ach  wventy  a<Tes  of  land  for  which  wiid  a]»proj)riation  sliah  Is*  nuule. 

i^»..4Hii...4<.\if  »»ii«.<ktii<i.i  ^^•*-  -^»'  VVithin  a  reasonable  time  after  the 
(  ertllleate    of    upproprla-    artennination  of  the  priorities  <.f  appropriation  of 

^^"*  tht*  us<*  of  waters  of  any  streiini.  it  shall  be  the 

duty  of  the  se<'ret4iry  to  issue  to  each  i)erson,  asso<'iation,  or  cor]K>ration  repire- 
sentefl  in  such  determination,  a  eertitirjite,  t«)  Im*  signed  by  the  State  engineer,  as 
I)resi<leiit  of  the  bosii'd  of  control,  and  atteste<l  uTxler  seal  by  the  S(K*rotary  of 
said  lM)]ird.  setting  forth  the  name  an<l  post-otli<'e  address  of  thea])]>ropriator;  the 
i)riority  nunilNT  of  Huch  appro]n-iatioii:  theaniount  of  water  a])propriated;  and 
if  sucli  appropriation  1m>  for  irripition.  a  description  of  the  le^al  suiNliviKions of 
land  to  wliich  said  water  is  to  Im'  applied.  Sueh  eertitieate  Hiiall  1h»  tnmsmittedhjr 
Siiid  State  en;^neer.  or  by  a  member  of  the  lM)ard  of  <M>ntrol  in  iMTson.or  by  reg- 


istered mail,  to  the  county  <'lerk  of  the  county  in  which  sn<'h  a]ipropriation  shall 

have  iH'eii  made,  and  It  shall  1m?  the  duty  of  siiitl  c<ninty  clerk. on  r«»<'eipt  of  the 

siime,  to  notify  siiid  party  or  parties  in  whose  favor  the  sai<l  certificate  is  issned, 

that  on  ])ayment  of  the  fee  for  rocordinj^,  which  fee  hhall  be  se vent y-fivo  cents, 

he  will  rec«>rd  the  siime;  and  on  n»trei]»t  of  said  fee  he  shall  so  re<'ord  the  same  in 

a  b(M»k  esiK'cially  pn-pared  and  kept  for  that  purjMJse. 

A  I  r    .    I    \^A  ..ii..«....i         ♦Skc.  27.  Anv  partv,  or  nunilMT  of  luirties  actinic 

Appeal  from  hoard  allowed,    .^^^^j^  ^^.,,,,  ,;^.^*y  ,-.;.,  tiH-mselves  aj^'jirievwl  bv  tto 

determination  of  the  Isiard  of  control,  may  ha V4'  an  appeal  from  the  lM)ard  of  con- 
trol to  th»'  district  c<Mirt  of  the  judicial  district  within  which  the  appropriation  or 
appropriations  of  the  ])arty  or  iwirties  so  a^^ieved  may  be  situated.  All  i^eniona 
joining  in  thea])iH>al  shall  Is*  joined  as  a])iM'llants, and  all  persons  havinj^ interests 
adverse  to  tho  parties  ap[M*alinK<  f»r  either  of  them,  shall  be  joined  app(>lhH*s. 

„  ,,  ,      ,         Skc.  2H.  Tla»  partv  or  jKirties  a]»pealin;<  shall,  within 

1  roceeUlnjfS  on  appeal,    ^^^^^.y  ^|,^y„  ,^f  ^^j,.  ,i,.t,.nninati«.n  of  the  board  of  control, 

which  is  appcah'd  from,  and  tin*  entry  thereof  in  the  records  of  tlie  iMiard.  file  in  the 
district  (M)urt  to  which  the  }i])p(>al  is  taken,  a  notice  in  writing,  stating  that  anch 
l)arty  cir  parties  apiM*als  to  such  district  Cfnirt  fnnu  the  detennination  and  order 
of  the  board  of  control;  and  ui>on  the  filing  of  such  notic<*  the  a])]N>al  slniU  be 
d(H*med  to  have  Imm'U  taken:  iVr^r/V/rr/,  hfnrrrrr.  That  tluj  ])arty  or  i»arties  api)eal« 
ing  shall,  within  the  sixty  days  nnMitioned,  ent<jr  into  an  undertaking,  to  be 
approved  by  the  distri(!t  court  or  judj^e  then^of,  and  to  1m?  given  to  all  the  parties 
in  the  said  suit  or  ])ro<^eeding,  oth4T  than  the  iwirti*^  apiM>ajing.  and  to  be  m  such 
an  amount  as  the  ctmrt  or  judge  tlnjreof  shall  fix.  c<»nditioned  tluit  the  i»artiea 
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giving  their  said  undertaking  shall  prosecute  their  appeal  to  effect,  and  without 
unnecessary  delay,  and  will  pay  all  costs  and  damages  which  the  party  to  whom 
the  undertaking  is  given,  or  either  or  any  of  them,  may  sustain  m  consequence 
of  such  appeal. 

V/**i  A  Af  annA  1  ^^^'  ^'^  '^^  clerk  of  the  district  court  shall  immediately 
j>oiice  01  appeal,    ^p^^^  filing  of  said  notice  of  appeal  and  the  approval  of  the 

bond  mentioned  in  section  twenty-eight,  transmit  to  the  secretary  of  the  board 

of  control  a  notice  over  the  seal  of  the  court  to  the  effect  that  said  appeal  has 

been  perfected,  which  notice  shall  be  entered  of  record  by  the  secretary  in  the 

records  of  the  board  of  control,  and  the  appellant  or  appellants  Jshall]  cause 

a  certified  copy  thereof  to  be  served  on  each  of  the  appellees,  servmg  the  same 

in  the  manner  provided  for  the  serving  of  a  summons  in  the  district  court. 

rr««„o»»:»«  ««-!  «.^4i^t^.  4^  Sec.  30.'  The  appellant  or  appellants  shall  within 
Transcript  and  petition  to    ^^  j^^^^j^g  ^^^  \l^^  ^pp^^l  as  provided  for  in  sec- 

De  niea.  tions  twenty-seven,  twenty-eight,  and  twenty-nine, 

is  perfected,  file  in  the  office  of  the  clerk  of  the  district  court  a  certified  tran- 
script of  the  order  of  determination  made  by  the  board  of  control,  and  which  is 
appealed  from,  a  certified  copy  of  all  the  records  of  the  board  of  control  relating 
to  such  determination,  and  a  certified  copy  of  all  the  evidence  offered  before  the 
board  of  control,  including  the  measurements  of  streams,  tributaries,  and  ditches, 
provided  for  by  section  twenty-four,  together  with  the  petition  setting  out  the 
cause  of  complaint  of  the  party  or  parties  appealing,  to  which  petition  all  parties 
joined  as  appellees  shall  be  served  with  notice  by  the  issuance  of  summons  out  of 
the  office  or  the  clerk  of  such  district  court  within  the  time  and  manner  provided 
by  law  for  the  issuance  and  service  of  summons  in  actions  of  law;  and  all  pro- 
ceedings of  appeal  shall  be  conducted  according  to  the  provisions  of  the  Mvil 
code  or  procedure  and  the  practice  of  api)eals  from  the  district  courts  of  the 
State  to  the  supreme  court:  Provided,  That  all  hearings  in  the  district  court  on 
appeal  be  had  upon  the  evidence  theretofore  taken,  and  certified  from  the  office 
of  the  board  of  control,  and  no  new  evidence  shall  be  permitted,  unless  it  shall 
appear  by  proper  and  satisfactory  showing  that  new  evidence  has  been  discovered 
which  could  not  with  reasonable  diligence  have  been  discovered  prior  to  the  final 
hearing  before  the  board. 

It  shall  be  the  duty  of  the  clerk  of  the  district  court  immediately  upon  the 
entry  of  any  judgment,  order,  or  decree  by  the  district  court,  or  by  the  judge 
thereof,  in  an  appeal  from  the  decision  of  the  board  of  control  to  transmit  a  cer- 
tified copy  of  said  judgment,  order,  or  decree  to  the  secretary  of  the  State  board 
of  control.  It  shall  be  the  duty  of  the  secretary  to  immediately  enter  the  same 
upon  the  records  of  such  office,  and  the  State  en^neer  shall  forthwith  issue  to  the 
superintendent  or  superintendents  of  water  divisions  instructions  in  compliance 
with  the  said  judgment,  order,  or  decree,  and  in  execution  thereof.  All  costs 
made  and  accruing  by  reason  of  such  appeal  shall  be  adjudged  to  be  paid  by  the 
I)arty  or  parties  against  whom  such  appeal  shall  l>e  finally  determined. 

During  the  time  an  appeal  from  orcier  of  the  board  of  control  is  pending  in  the 
district  court,  and  until  a  certified  cox)y  of  the  judgment,  order,  or  decree  of  the 
district  court  is  transmitted  to  the  State  engineer,  the  di\'i8ion  of  water  from 
the  stream  involved  in  such  api)eal  shall  be  made  in  accordance  witli  the  order  of 
the  board  of  control. 

Proviso  Pt^ovided,  That  at  any  time  after  the  appeal  has  been  perfected  the 
appellant  or  appellants  may  stay  the  operations  6t  said  decree  appealed 
from  by  filing  a  l)ond  in  the  district  court,  wherein  such  appeal  is  pending,  in 
such  amount  as  the  judge  thereof  may  designate,  conditioned  that  he  will  pay  all 
damages  that  may  accrue  to  the  appellee  or  api>ellees  by  reason  of  such  order  or 
decree  not  being  enforced,  should  the  x)roceedings  and  appeal  be  decided  against 
the  appellant.  And  immediately  upon  the  filing  and  approval  of  such  bond  to 
stay  the  oi^erations  of  the  decree,  tne  clerk  of  the  district  court  shall  transmit 
to  the  l>oard  of  control  a  notice  over  the  seal  of  the  court  to  the  effect  that  such 
bond  has  \)een  filed,  and  that  the  operations  ot  such  decree  are  stayed  during  the 
pending  of  such  apix^al  proceedings.  This  notice  shall  be  recorded  in  the  records 
of  the  board  of  control,  and  the  State  engineer  shall  immediately  give  proi)er 
notice  to  the  superintendent  of  the  water  division  wherein  such  appeal  may  have 
been  taken. 

Tran4fer  ofronntv  rerords      ,  ^^^'  ^^-  Within  thirty  days  from  the  passage  of 
t»  vn^iuvK.1 .  ^^^  ^^  ^^^  counties  of  this  State,  to  prepare  a  full 

and  complete  transcript  of  all  the  claims  to  ai)propriations  of  water  now  on  file  in 
their  resiiective  offices,  and  to  transmit  the  same  without  delay  XioXJaft'i^XaXa  ^ix^sgw; 
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noor,  by  i^xprofw  or  r<?Ki>*tt*rtHl  iimil,  ft>r  which  wrvico  ho  Rhall  be  paid  by  tbe 
comity  thi^  kuiu  of  four  (1(i11ar««  (mt  day  fur  each  and  ov(*ry  day  required  to  prepare 
Haul  traiiscrint:  Pmritini,  That  th('  roinity  clf.'rk  shall,  in  place  »f  snch  aostract, 
tninsiiiit  siirii  ori^nal  nurords  of  claims  to  watiT  as  aro  recorded  in  books  kept 
H]M'  rially  for  that  pnr]>os«>.  It  sliall  also  l«c  the  <laty  of  the  clerk  of  the  district 
court,  within  thirty  days  from  tii<*  date  of  th(«  {uissa^  of  this  act,  to  transmit  to 
tho  Stato  cn^finc^T.  in  like  manner,  the  certificates  of  inoaHurements  of  ditches 
made  by  county  Hurv(>yors,  now  (»n  fil(^  in  thi;  oftices  of  said  clerks  of  the  district 
courts  in  the  various  c»»unties  ol  tiie  State. 

Fiiiriiipi^r  to  nie  Aud  i-lim.  ^^'^'-  ''^-  '"""^^^Iwitely  on  receipt  of  said  tran- 
l5.upino(r  lo  III*   aua  das.    ^.^^^^^^  ,^,j^,  ^^^^^  ori^nnal  records,  it  shall  be  the 

^*  duty  of  the  State  en^niNT  to  file  them  in  his  officw, 

and  to  <'liissify  and  arrange  said  claims  by  ])hurin^  all  the  claims  to  water  of  one 

stream  and  its  tributaries  to^i*t her. 

iviiii  «iMu»  noiifinii  ^''•*-  •^^-  '"  issuing'  notices  to  claimants,  in  priority 
M  no  lo  iM  iionnou.  .i,ii„aicati.ms  of  tlie  waters  of  any  stn^am  and  its  tribnta- 
ries,  as  ])rovided  in  si^'tion  twenty  of  this  act.  all  ])artieH  named  as  clidminsr  the 
waters  of  said  .stream  <»r  tributaries  in  said  trans4*rii)t  shall  l)e  notified  by  mSl,  as 
HiMH'ititMl  in  said  se<*tion. 

A»»ii.M.H»n  fill,  riipfif  4»  Sw.  ;n.'  Any  iM'rson,  aswx'iation,  or  corporation 
^^luu^^^^^^^^  hereafter  intending  to  ac<,uire  the  riffht  to  t^  bene- 

min^c.  >^halljM'fore  <'ommencin^  t  hiMonst  ruction,  enhirp-ment,  or  extension  of  any 
ditx'li.  canal,  or  other  distributing  worVs.  or  iM>rforminK  any  work  in  connection 
with  said  <>onstniction  or  i>roposed  aporopriation.  make  an  application  to  the 
State  en;<ine«'r  for  a  ]N'rmit  to  mak<'  surii  a]>pro]iriation.  Such  application  must 
Kc*t  forth  thi^  nam<'  and  i>ost-onice  addri>ss  of  the  anplicant:  the  source  of  the 
wat4T  supply;  tlie  nature  of  the  pro|M>sed  usi':  tlie  it n 'at ion  and  descriptions  of 
th<'  ]iro{M}si'd  ditch,  canal,  or  other  work:  the  time  witliin  which  it  is  proposed  to 
l>«'^in  construction;  the  tiiiKM'eqiiirrd  for  tin-  romph'tion  of  construction;  and  the 
time  required  for  tli«'  comnlete  appliration  of  the  water  to  tiie  proiM»sod  nse. 

In  cuM^he  ]ii-iipo>«>d  riirtit  of  usf  is  for  a;;rieultural  ]>urposes.  the  application 
sliall  ^ive  th«' le;;al  sulMlivisioiis  of  laud  pro|)osed  to  Ih*  irriKHteil,  with  the  total 
a<'rea^e  to  l»e  reclaimed,  as  mar  as  i.iay  lie.  Ou  rerei]»t  of  t)  lis  application,  which 
shall  Im>  of  a  form  ]»rescri))e(l  hy  the  St:ite  eii<^iiii>rr.  it  shall  be  the  duty  of  that 
otlicer  to  make  an  indorsement  thereon  of  tlie  d:ite  of  its  ret'eipt,  and  to  make  a 
record  of  su<'h  ree-eipt  in  some  suitable  honk  in  his  oHice.  it  sliall  In*  his  duty  to 
examine  said  application  and  as<-ert.'nii  if  it  sets  forth  all  tlie  facts  niH^essary  to 
sliow  the  location,  njiture.  and  amount  of  the  ]M-oposed  us4'.  if  uinm  snch  ezam- 
inatioTi  the  a])]ilication  is  found  defective,  it  shall  lie  tlie  duty  (»f  the  State  engi- 
neer to  nfturn  the  same  for  <*ornTt inn:  the  dale  of  such  return,  with  the  reasons 
therefor,  shall  iHMndorscil  nii  the  application  and  a  record  made  thereof  in  the 
lH)ok  ke])t  for  recording:  receipt >>  ol  such  applications.  A  like  record  shall  be 
ke]it  of  the  date  of  the  I'l'tiini  of  ((tnected  ap]>licalions  and  of  the  date  of  the 
refusjil  and  return  f>f  apjilicatioris  reji'i-ied. 

All  a]»plications  which  shall  com]>ly  with  the  ])riivisif»ns  of  this  act  and  with  the 
re;(ulations  of  the  en;;ineer's  otlice.  shall  be  reconli-d  in  a  suit  a  hie  lMM>k  kept  for 
that  pur] Hise;  and  it  shall  be  the  duty  of  the  State  i'n;;ineer  to  a])prove  all  appli- 
cations made  in  ]>rop(>r  lorm,  which  conteniplale  tin-  applicati(»n  of  th(i  watertoa 
iNMieticial  use  and  where  the  pi-oposcil  Use  (Utr-i  n<it  tend  to  impair  the  valae of 
(^xistin;;  rights,  or  be  otherwise  d"trimental  to  the  ])uiilic  welfare.  But  where 
there  is  no  unappropriated  water  in  the  prop:)sed  sonrc<»  of  su]>i»ly.  (»r  where  the 
proposed  use  conflicts  with  existin;^  ri.:;hts.  ov  threati-ns  to  i»rove  detrimental  tO 
the])ublic  interest,  it  shall  be  the  duty  f>f  ilie  Stale  en;,nin'er  to  reject  such  appli- 
cation and  r<<lus«'  to  issue  the  [lermit  aski-d  lor. 

The  refusal  or  approval  of  an  ap]»lication  shall  Im>  indorsed  thererm  and  a  record 
made  of  such  indorsement  in  the  State  eiiLciiieer's  ofli<"i-.  The  application  sn 
indorsed  sliall  In^  returned  to  the  applicant.  It'  ap])roved,  the  a|>])li(rant  shall  be 
autliorized.  on  receipt  thereof,  to  proceed  with  the  construction  of  the  lUH^eHsary 
works  and  to  take  all  stejis  reijuiied  to  a])ply  the  water  to  a  In-neficial  us<>  and  to 
IMTfi'ct  tlu?  proposed  appropriation.  If  the  apjibcatum  is  refused,  the  applicant 
shall  tak(»  no  ste]>s  toward  the  pros<'cuti«in  <»f  tin'  proposed  work,  or  the  diversion 
and  use  of  the  ])ubh(r  water,  st)  Ion;;  as  snch  refusjil  sliall  continue  in  force. 

Befon*  <'ither  a])provin^  or  n-jectin;?  an  application,  the  Statt?  engineer  may 
re<piire  such  additional  information  as  will  enable  him  to])roperly  piard  the  pub- 
lic interests,  and  may,  in  the  case  of  a|»pli<'al.ions  pro]M)sin^  to  divert  more  than 
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twenty-five  cubic  feet  of  water  per  second  of  time,  or  to  reclaim  over  one  thousand 
acres  of  land,  require  a  statement  of  the  tollowin^  facts: 

In  case  of  incorporated  companies,  he  may  require  the  submission  of  the  articles 
of  incorporation,  the  names  and  places  of  residence  of  its  directors  and  officers, 
the  amount  of  its  authorized  and  of  its  paid-up  capital. 

If  the  applicant  is  not  an  incorporated  company,  he  may  require  a  showing  as 
to  the  name  or  names  of  the  party  or  parties  proposing  to  construct  the  work,  and 
a  showing  of  facts  necessary  to  enable  him  to  determine  whether  or  not  they  have 
the  financial  ability  to  carry  out  the  proposed  work,  and  whether  or  not  the  said 
application  has  been  made  in  good  faith. 

In  his  indorsement  of  approval  on  any  application,  the  State  engineer  shall 
require  that  actual  construction  work  shall  fcHBgin  within  one  year  from  the  date 
of  such  approval,  and  that  the  construction  o^  any  proposed  irrigation  work  sh^ 
be  completed  within  a  period  of  five  years  from  the  date  of  sucn  approval.  He 
may  limit  the  application  to  a  less  period  of  time  for  the  completion  of  work  than 
is  asked  for,  and  likewise  the  perfecting  of  the  proposed  right  for  a  less  jieriod 
than  named  in  the  application.  That  the  State  engineer  shalfhave  authority,  for 
good  caude  shown,  to  extend  the  time  within  which  irrigation  or  other  works 
shall  be  completed,  and  under  any  x)ermit  therefor  issued  by  said  engineer. 

Any  applicant  feeling  himself  aggrieved  by  the  indorsement  made  by  the  State 
engineer  upon  his  application,  may,  in  writing,  in  an  informal  manner,  and  with- 
out pleadings  of  any  character,  appeal  to  the  Doard  of  control  for  an  examination 
and  reversal  of  the  indorsement  of  the  State  engineer;  and  if  he  shall  deem  him- 
self aggrieved  by  the  order  made  by  the  board  of  control,  with  reference  to  his 
application,  he  may  take  an  appeal  therefrom  to  the  district  court  of  the  county 
in  which  the  point  of  diversion  of  the  proposed  appropriation  shall  be  situated. 
Such  appeal  snail  be  taken  within  sixty  days  from  the  issuance  of  the  order  by 
the  board  of  control,  and  shall  be  perfected  when  the  applicant  shall  have  filed  in 
the  office  of  the  clerk  of  such  district  court  a  copy  of  the  order  appealed  from, 
certified  by  the  secretary  of  the  board  of  control  as  a  true  copy,  togetner  with  the 
X)etition  to  such  court  setting  forth  the  appellants  reason  for  appeal.  Such 
appeal  shall  be  heard  and  determinea  upon  such  competent  proof  as  shall  be 
adduced  by  applicant,  and  such  like  proofs  as  shall  be  adduced  by  the  board  of 
control,  or  some  person  duly  authorized  in  its  behalf. 

Mfin  tfthp  fllpd  ^^^*  ^•'  ^^^^  application  for  permit  to  appropriate  water 
jnap  10  DC  nieu.  ^^^  beneficial  uses  must  be  accompanied  by  a  map  or  plat  in 
duplicate  showing  accurately  the  location  and  extent  of  the  proposed  work. 

These  maps  or  plats  must  be  drawn  on  tracing  linen,  on  a  scale  not  less  than 
two  inches  to  the  mile;  they  must  show  the  location  of  the  head  gate  or  point  of 
diversion  by  courses  and  distances  from  some  Government  corner;  they  must  show 
the  actual  location  of  the  ditch  or  canal,  or  water  line  of  the  reservoir,  and  must 
show,  wherever  section  lines  are  crossed,  the  distance  to  the  nearest  Government 
comer.  The  map  or  plat  must  show  the  course  of  the  river,  stream,  or  other 
source  of  supply,  the  location  and  area  of  all  land  proposed  to  be  reclaimed,  the 
position  and  area  of  all  reservoirs  or  basins  intendea  to  oe  created  for  the  purpose 
of  storing  water;  the  location  of  the  intersection  with  all  other  canals,  ditcnes, 
laterals,  or  reservoirs  which  are  crossed  by  this  work  or  with  which  connections 
are  made;  but  all  streams  and  all  intersecting  ditches,  canals,  and  reservoirs  not 
connected  with  the  proposed  work  must  be  represented  in  ink  of  a  different  color 
from  that  used  to  represent  the  proposed  work.  These  maps  must  contain  the 
name  of  the  proposed  work,  and,  where  possible,  the  number  of  the  permit.  They 
niust,  in  admtion,  have  the  name  or  names  of  the  applicant  or  applicants,  and  a 
certiJacate  of  the  surveyor  giving  the  date  of  survey,  his  name  and  jwst-office 
ad^ess. 

It  shall  be  the  duty  of  the  State  engineer  to  examine  these  maps  or  plats  and  to 
ascertain  if  they  agree  with  the  description  contained  in  the  apphcation,  and 
when  found  to  agree,  or  made  to  agree,  to  approve  the  same,  file  one  copy  in  his 
office  and  return  the  other,  approved,  to  the  party  filing  them. 

In  case  of  ditches  or  canals  carrying  more  than  fifty  cubic  feet  of  water  per  sec- 
ond the  engineer  may  require,  in  addition  to  maps  or  plats  above  described,  the 
following: 

A  longitudinal  profile  of  the  ditch  showing  the  bottom  and  projwsed  water  line: 
the  horizontal  scale  of  this  line  shall  not  be  less  than  one  inch  to  one  thousand  feet, 
and  the  vertical  scale  not  less  than  one  inch  to  twenty  feet. 

A  plan  showing  cross  sections  at  a  sufficient  number  of  points  to  show  all  the 
different  forms  which  the  ditch  when  completed  will  take,  and  showing  what 

^^^■^  "  ■  '  -•..--  .  .  _  _   _         LP 
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lK>rtioii  of  th«'  watt»r  is  to  Im*  coiivoy*'*!  in  oxruvation.  mid  wliat  iiortion  to  l>e  cor 
voynl  ill  fill.    ThcKt' ])laii.s  hIuiU  IjitMlrawu  on  »  liorizontul  unu  vertical  8c:aleoi. 
ono  inch  to  twt»iity  foot. 

Phins  of  any  dams,  rribs.  oinlmnkniimtfl  or  otlior  pniiKMUMi  workH  to  olwtmct 
any  rivor,  ntroani.  lako  or  ]M>n(Uor  otlior  Koiirco  of  wator  mipply.  Hhall  lie  drawn 
on  a  loiif^itudinal  M'alt*  of  not  Iosh  than  one  int^h  to  tW4)  hiinaro<l  feet,  and  for 
(rroKri  wH'tions  on  a  M^alo  of  not  Iosh  than  ono  in<^)i  to  twiMity  f(H*t:  an<l  Hhall  show 
what  material  in  inton<1od  to  1h^  ns4><1  and  jHiummI  in  Kuch  work.  Timl)er,  limsh, 
Htone  or  ot)i<*r  material  oxront  earth  umhI  in  such  works  Hhall  Ih>  hIiowu  in  detail 
on  a  plan,  thi^  s(*ah>  of  whi<'h  shall  not  1n^  lo.ss  than  ono  inrh  to  fonr  feet.  The 
maps  (»f  all  pro]M>s<Ml  r(*s(*rvoirs  shall  show  tho  siirfa(*o  of  the  ^n^mnd  under  water, 
and  a  sufKitiont  nunilNT  of  linos  of  l<>vol  sluill  Im*  shown  so  that  tho  contents  of  the 
rosf^rvoiror  kisin  may  l»o  accnratoly  dotorminod.  It  the  lovols  shall  be  shown 
by  contour  linos,  thoy  shall  In*  on  a  s<'alo  suflflciontly  lar^e  to  show  vi*rtical  levels 
not  oxcocdin^  fivo  f(*<>t,  amd  with  all  siK^h  res<'rvoir  plans  thon*  shall  \m  fnmiHhed 
a  plan,  on  a  s<*alo  of  not  loss  than  one  inch  to  four  ft^^t,  slumin^  the  method  of 
]>rovidinK  a  wasto  way  for  siK'h  reservoir  and  the  method  of  drawing  off  the 
water  from  such  ros<*rvoir  or  basin. 

f ^ki.Hfi..ai»  «<>  uiii.i.<.»ria<<>r  ^^'^'  '^-  UiHni  it  iMMn^  mad(»  to  api)ear  to  the  sat- 
Certllloate  to  approprlator.  i„f,^,.^i,,„  „f  tW  In.ard  of  rontnd  that  any  appropri- 
ation mmlo  in  ]>iirsuanro  of  tho  a])i)lic'at.ion  of  this  act  provido<l  for  has  been 
imrf<Hi^^od  in  jwcordanco  with  such  application,  and  tho  ondorsomont  therct>n  by 
the  State  on^noor.  it  shall  1m>  tho  duty  of  tho  lM)ard  of  control,  by  tho  hand  of  its 
prosidi 'lit. attested  under  the  seal  of  the  wtTotary,  townd  to  tho  county  clerk  cer- 
tiftcati*  of  the  siiiiifM'haracter  as  that  d4*s<*ril)ed  in  se<'tion  twenty-six  of  tlUH  act, 
which  sjiid  certitieate  shall  be  re<!(»rd»Ml  in  the  of!i<*o  of  the  county  clerk,  as  pro- 
vided ill  si'ctiini  twenty-six  of  this  act. 

i\^4  r  .  -I  ■.{«.'  ^''•*'-  '*'*•  The  priority  of  such  a])propriati(m  shall  date  from 
liaie  oi  priorii>.    ^j^^.  jj^j^^^^  ,^j.  ^j^^.  api.lication  in  the  engineers  office. 

I  ,  .  II  Si'.r.  .'Js.  A  culn(r  fi»ot  of  watfr])er  second  of  time  shall  be  the 
i.e»:ai  sianuani.    j^.^^.^j  standard  for  the  nieasurenient  ot  water  in  this  State,  hi>th 

for  the  ]^l^1H)^ie  of  (leterniiiiin^  the  flow  of  watiT  in  natural  streams,  and  for  the 
pur]H>se  of  aistributiii;^  water  therrfrom. 

r.iiiiifv   In   luiv  o^iii.imo   iif        J^»'^- '<•'•  All  bills  b.r  the  printing:  of  notices  to 
toiinl}    '«   l»»*  <*xpense  or    ,.i.ji,„,„,ts  of  water  in  the  jidjudicati.nis  provided 
priiiiimr.  |.^^^.  -^j  ^|||^  .^^.^  .shiiii  br  paid  for  by  the  county  in 

which  the  stream,  the  a]>i>ro])riatinii  nf  whose  waters  sluill  have  bei>n  so  adjudi- 
cated, slijill  be  situat«'d,  thesjiid  bills  tn  Im«  apprnvcd  by  the  su]M-rintondent  of  the 
water  division  in  whieh  tlioadjudioiitinn  is  iiiadr. 

-..  .    I   .  Skc.  id.  Till-  biiard  nf"  cunt  ml  slmll  dividi-  the  State  into  wat^^  dis- 

llisiricis.  ti-ii'ts,  said  water  distri<-ts  to  b»*  so  CMn^^tituted  as  to  wcu re  the  l)est 
jn'oteetion  to  the  elaiinaiits  lor  wat»'r.a!id  the  most  «M'nnoniii*al  sn]M'rvisiim  on  the 
part  of  the  State;  said  water  distri<'ts  shall  not  br  created  until  a  necessity  there- 
for shall  arise,  but  shall  1h>  created  IronMinie  to  tirni' as  the  .ipprojiriationH  and 
priorities  thereof,  from  the  streams  of  tlie  State,  shall  Im  ad.juclii  at»'d. 
.,  .     ,  ,  Si:r.    II.   For  each  water  di>trict   ereat«Ml  under 

(oniniisHloiier,     how      ap-    ^1,^^.^,.^  tlu-n' shall  b.-apiM^inte.!  one (-..mmissiouer, 
poinieil.  ^^.|j,,  j^Ij.j^^  Ij^.  .^  n-sidmi  of  tlif  district  in  which  he 

is  to  serve,  and  who  shall  be  appointed  by  llie  ;<ov«rn«ir.  t«>  In- si'lceted  by  hiui 
from  ]M'rsons  recomniended  t«)  hini  by  tin*  sMjM'riiitrndiiit  of  th<' water  division 
ill  whieh  such  wat<'r  district  is  situated.  Kadi  coinniivKJuncr  sliall  hohl  hisoffiiHS 
two  years  and  until  his  successor  is  appointed  and  hasqualitied.and  the^ovonuir 
shall  by  like  SI 'lection  and  appointment,  till  all  \acaiMiis  which  iriay  occur  in  the 
office  of  water  coniniission»'r,  and  may  at  any  time  remove  any  water  coiinniH- 
sioner  for  failure  to  perform  his  duties  as  sucli  watei- conimis»<ioner.  uiM>n  coin 
idaint  in  that  rosiK-ct  oein^  made  to  him  in  writin;,^ 

-,    .,  14      r       t    i  ^VA'.  I'-i.  It  shall   iM'  tile  ilulv  of  said  water  coni- 

Ihitles;  penalty  for  Iiiler-  j.^j^^j.,,,,.,.  tndivide  the  water  in  the  natural  stream 
ference;  power  to  arrest.  ,,i..,t,vamsof  hisdistrict  anion;,Mhe  several  ditcluw 
taking  water  t  hen 'from,  accord  inf<  to  the  jirior  n;chts  <>f  each.  res])ectively,  in 
wlude  or  in  part,  and  to  shut  and  fasten,  or  cause  to  be  shut  and  fasteiHMl.  under 
tlio  direction  of  the  HUiM'rinten<h'nt  <»f  his  water  ilivision.  the  head  ;,'atesof  ditches 
heading  in  any  of  the  natural  streams  of  the  district,  when,  in  tiine«*  of  s«'arcityf>f 
watvr,  it  is  ne'cessiiry  so  to  do  by  reason  of  the  i>riority  of  ri^'hts  ol  .it hers  taking 
water  from  tho  same  stream,  or  its  tributaries.  Kvery  person  who  sliall  wilfully 
oi)en,  (dose, (dianj^e. or  interfere  >vith  any  li«*ad  j^ate  or  water  Im)x  without  author- 
ity shall  1m'  deemed  K^iilty  of  a  misd<aneaiior,  antl  on  <'onviction  tln-reol  shall  Ik; 
fined  a  sum  not  ex<'eedinf?  one  hundred  dollars,  or  to  be  imprisoned  in  the  county 
Juil  for  a  tmu  not  to  exceed  six  mouths,  or  \>y  \ua\\  swU  \\\\v»  vu\v\  \\vvv\\':^vv\\\\\v\\\.. 
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The  water  commissioners  or  their  assistants,  within  their  districts,  shall  have 
power  to  arrest  any  i)er8on  or  persons  offending,  and  turn  them  over  to  the  sheriff 
of  the  proper  county,  and  immediately  upon  delivering  any  such  x)er8onrSO 
arrested  into  the  custody  of  the  sheriff,  it  shall  be  the  duty  of  the  water  commis- 
sioner making  such  arrest  to  immediately,  in  writing  ana  upon  oath,  make  com- 
plaint before  the  proper  justice  of  the  peace  against  the  person  so  arrested. 
p  *  Sec.  43.  Water  commissioners  herein  provided  for  shall  each  be  enti- 
ray  oi.  ^j^  to  pay  at  the  rate  of  five  dollars  per  day  for  each  day  he  shaU  be 
actively  employed  in  the  duties  of  his  oflSce,  to  oe  paid  by  the  county  in  which 
the  work  is  performed.  Elach  water  commissioner  shall  keep  a  just  and  true 
account  of  the  time  spent  by  him  in  the  duties  of  his  office,  and  the  time  spent 
by  him  in  the  performance  of  his  duties  in  each  county,  respectively,  into  which  his 
water  district  may  extend,  and  shall  present  a  true  copy  tnereof ,  verified  by  oath, 
to  the  board  of  county  commissioners  of  the  county  in  which  the  work  may  have 
been  done.  And  the  said  board  of  county  commissioners  shall,  upon  approval 
thereof  by  the  superintendent  of  th<»  water  division,  allow  the  same. 

Assiatftnts  ^^^'  ^*  ^^^  water  commissioner  shall  have  power,  in  case  of 

emergency,  to  employ  suitable  assistants  to  aid  him  in  the  dis- 
charge of  his  duties.  Such  assistants  shall  take  the  same  oaths  as  the  water 
commissioner,  and  shall  obey  his  instructions,  and  each  shall  be  entitled  to  four 
dollars  per  day  for  every  day  he  is  employed,  not  to  exceed  thirty-five  days  in  one 
year,  to  be  paid  upon  certificates  of  the  division  superintendent,  in  the  same 
manner  as  provided  for  the  payment  of  the  water  commissioners. 

mrhAn  4/^  KA«.in  v/^«.ir  Sec.  45.  Said  water  commissioners  shsJl  not  begin  their 
n  nen  lo  oegin  wofk.   ^^^.j^  ^^^^  ^^^^  ^^^  ^^^  ^^j^  ^^^  ,     ^^^  ^^  ^^^^ 

owners  or  managers  of  ditches,  or  persons  controlling  ditches  in  tne  several  dis- 
tricts, by  application  in  writing,  stating  that  there  is  a  necessity  for  the  use  of 
water;  and  they  shall  not  continue  performing  services  after  the  necessity  there- 
for shall  cease. 

ifA»^fl.«44^.  ».^«o««tn»4inn.A.      Sec.  46.  The  appropriator  of  any  of  the  public 

^Sa!!^l^io^nl}r^^^^  waters  of  the  State  shall  maintain:  to  the  satlsfac- 

wnen  not  consiruciea.      ^^^^  ^^  ^^^  division  superintendent  of  the  district  in 

which  such  appropriation  Is  made,  a  substantial  head  gate  at  the  x)olnt  where  the 
water  is  diverted,  which  shall  be  of  such  construction  that  it  can  be  locked  and 
kept  closed  by  the  water  commissioner;  and  such  appropriator  shall  construct  and 
maintain,  when  required  by  the  division  superintendent,  a  flume  or  measuring 
device,  as  near  the  head  of  such  ditch  as  is  practicable,  for  the  purpose  of  assisting 
the  water  commissioner  in  determining  the  amount  of  water  that  may  be  diverted 
into  said  ditch  from  the  stream.  If  any  owner  or  appropriator  of  public  waters 
that  may  have  been  adjudicated  upon  should  neglect  or  refuse  to  put  In  such 
head  pate,  or  measuring  device,  after  thirty  days'  notice  to  do  so  by  the  division 
superintendent,  the  said  superintendent  may  notify  the  county  commissioners  of 
the  county  where  such  head  gate,  flume,  or  measuring  device  is  [should  bej  situ- 
ated, and  it  shall  be  the  duty  of  said  county  commissioners,  when  so  notined  by 
said  division  superintendent,  to  put  in  such  bead  gate,  flume,  or  measuring  device 
at  the  expense  of  the  county  wh«re  the  exi>ense  is  Incurred,  and  present  a  bill  of 
costs  to  tne  owner  or  owners  of  the  ditch,  and  if  such  owner  or  owners  shall  refuse 
or  neglect,  for  three  days  after  the  presentation  of  such  bill  of  costs,  to  pay  the 
same,  the  said  costs  shall  be  made  a  charge  upon  the  said  ditch,  and  shall  be  col- 
lected as  delinquent  taxes,  and  be  subject  to  the  same  conditions  and  penalties 
as  other  delinquent  taxes,  and  until  the  full  and  complete  payment  of  such  bill 
of  costs,  it  shall  be  the  duty  of  the  water  commissioner  of  the  district  in  which 
such  ditch  is  situated  to  close  and  keep  closed  the  head  gate  of  such  ditch,  and  to 
take  such  needful  stejis  as  will  prevent  any  water  from  being  diverted  therein 
from  the  source  of  supply. 

Pendin,   ca«es.  procedure    .fetl^f  &%':»:«"  ^Me^StVe! 

ficial  purposes,  in  any  of  the  water  districts  of  this 
State,  now  pending  in  any  of  the  district  courts  of  the  State,  excepting  such 
cases  which  may  have  been,  by  any  such  courts  by  order,  referred  to  the  board 
of  control  may  remain  in  said  courts,  and  said  courts  shall  proceed  with  the 
adjudicat  on  tnereof  in  accordance  with  the  laws  in  force  at  the  time  of  the 
inception  of  such  cases:  Provided,  That  said  court,  or  judge  thereof  in  vacation, 
may,  in  its  discretion,  on  the  application  of  the  parties  interested,  transfei  any 
such  case  for  adjudication  to  tne  board  of  control.  All  such  cases  which  may 
have  been,  in  the  manner  aforesaid,  referred  by  any  district  court  to  the  board  of 
control  shall,  together  with  all  the  testimony  heretofore  taken  in.  said  ^iasfc^^w^.^ 
with  all  t?he  papers  and  pleadings  relative  tYiereto,  «n(\.  «b  c.cs\>>j  oH.  ^iJ\  V^^oxw^ 
entries  made  m  the  case,  at  once,  on  the  passage  oi  t\ii^  aic\.,\>^  ^x^-GsJtert^i^Xs^  'vc^^ 
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clerk  of  snrli  diHtrict  nnirt  into  the  ruHtiMly  of  the  divimon  Rnperintradent  of 
tluMliviHidii  ill  whit'h  suicl  u<l judication  may  have  I)een  iNi^un,  ami  Raid  divialcm 
KiiiNTinti'ndcnt  shall,  as  K(M)n  an  ]M>Ksible.  complettt  the  takinK  of  Hnch  testimony, 
and  it  hIiuII  In;  the  duty  <»f  the  lH>anl  of  control  to  flrnt  determine  the  rights  of 
the  parties  <m  th(>s<>  streams  where  such  determination  ban  begmi,  and  is  unfln- 
iHhed  at  the  tiui<«  of  the  passu^i*  of  this  ac^t. 


WATER-RIOHT  FORMS  USED  IV  WYOMIHO. 

Appliciitittn  for  n  jM'nuit  tn  tlinrf  ami  appn^printi'  thv  imirr  of  tite  State  ttf 

Wiftntiiiif/. 

Wat  IT  division  No.     —  .     fhstriet  No.    — 

I, ,  of  ,  county  of .  Stat«*  of       — ,  lN*inK  duly  sworn 

according  to  law.  uiNin  my  oath  say: 

I.  The  name  of  thi»  applicant  - . 

!3.  Tlu?  lM»st-oftirr  address  of  the  a]»pli<*ant - 

;J.  Tlie  use  to  which  the  water  is  to  he  ap])h<Hl  is 

4.  The  name  of  the  <litch  or  <'anjil  is       —  -. 

5.  Tlu^  s<iurce  of  tli«  pro|>os<Ml  appro] iriat ion  is 

i\.  Tht»  head  ^nU'  of  the  ])roiN>s«Ml  ditch  or  canal  is  liK-iited     (if  sc^ctiou , 

townshi]»  --     .  ran^^e 

7.  Tlie  Slid  ditcli  or  canal  is  t«>  bf  miles  lon^  and  to  ])ass  thnrnfrh  the  fol- 

lowing; hinds  (;;ive  r<nit<*  hy  cimrses  and  distanc«*s.  i>r  liy  naming:  lej^iu  Hubdivi- 
sions  crossed). 

H.  The  dimensions  af  said  works  arr:  {tn   |At  head  ^at«'|   width  on  top  (at 

water  line),  fit't:  width  on  iMittom.        -  feet:  di'pth  of  water. f«»4't:  grade, 

feet  ]M'r  mile. 

(h)  (five  diminsifins  at  each  ]M)int  wliere  reduced  in  si/.e.  stating  milcM  from 
head  j^ate. 

|At-  I  widthont(»i)  (at  water  lii  e).  -  feet:  width  on  iNittom.  f4f<*t;depth 
of  water.  feet;  ;;rade.  -         tert  ]M'r  mile. 

|At-        I  widtlmn  tn]i  (at  watiT  ]in«'>  t'<i>t:  width  on  iMittmn.  ffM*t:  depth 

of  water.  fe«'t:  ;rrade,  le»'t  Jier  mile. 

[At-        I  width  on  top  (at  waterlin*').    -    -le»'t:  width  i»n  In  »ttom.  f(*et;de|yth 

of  water.      -  -  f<M't:  j^ade,  {vv\  jier  mile. 

\K  I)es<'ri]M' the  character  of  proj>osed  wi»rks.  statin;::  First.  The  nature  of  mate- 
rial t<»  Im>  moved.  S>cond.  Numln'r  and  leni^th  of  tunnels,  if  any.  Third. 
Amount  <»f  flumiuK.  if  any. 

10.  Till'  estimated  eost  of  .siid  ditch  is dollars. 

I I.  The  lan<l  to  )n>  irrii^ated  has  a  total  area  <»f  acre««.  drscrilN'd  as  follows: 
((.Tiv«'  estimated  acrea^^e  in  fractions  of  subtlivi^ions. ) 

1:2.  ( 'onstructi»»n  will  U'^^iu  on  i»roposi'd  works  fin  nv  iM'fnri*  .  1 . 

l:{.  The  time  reipiired  for  the  completion  of  dit<-hes  and  other  distrilnitin^ 
works  is    —  v«'ar  from -.1-      -. 

1-1.  The  time  ri^piired  to  com])let«'  the  application  of  water  to  the  beneficial  use 
stated  in  this  a])])1ication  is  year  from  - ,  1 

ITi.  A  map  <»f  the  ])ro{Mis4'd  ditcli  or  canal,  prejiared  in  acconiain-e  with  chapter 
•1.").  Session  Laws  of  INtK't.  acc«inipanies  this  a|)|)lic:ition. 

Siirned:  . 

N<»TK.  -The  statements  in  th«'  fore;:i>in;;  ajiplication  must  comply  with  the 
re<£uirements  of  <'ha]>ter  iri.  Session  Laws  of  |mii."». 

TiiK  Statk  or  \V\tiy\iSii,  Cntint If  nf       -    ,  ss: 

1  lierehv  (MTtify  that  the  forej^oinj^  ap]>lication  was  si;:iied  in  my  i>ri's«'nce  and 
swoni  to^H'fore  me  hv this  —    dav  of     -  -     ,  I 


TnK  Statk  of  Wv<)Min<j.  Sfntr  Eiujinnr'H  Ojffirr,  mh: 

This  is  t(»  certify  that  I  have  examined  the  fore;^oin^  application  and  Imve 
returmnl  the  same  withi»ut  my  a]»]>roval  for  the  toUowin^r  reasons:         — . 
Witness  my  hand  this day  of .  A.  1).  1 . 
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The  State  of  Wyoming,  State  Engineer's  Office,  ««; 

This  is  to  certify  that  I  have  examined  the  foregoing  application  and  do  hereby 
grant  the  same  subject  to  the  following  limitations  and  conditions: 

Ck)nstruction  of  proposed  work  shall  begin  within  one  year  from  date  of 
approval. 

The  time  for  completing  the  work  shall  terminate  on  December  31, 1 . 

The  time  for  completing  the  appropriation  of  water  for  beneficial  use  shall 
terminate  on  December  81, 1 . 

The  amount  of  the  appropriation  shall  be  limited  to  1  cubic  foot  'per  second 

of  time  for  each  70  acres  of  land  reclaimed  on  or  before  December  31, 1 ,  and 

the  additional  volume  used  for purposes  on  or  before  said  date. 

Witness  my  hand  this day  of ,  A.  D.  1 . 

State  Engineer. 


No.—. 

Application  for  a  permit  to  appropriate  the  water  of  the  State  of  Wyoming, 

Division  No. .    District  No. . 


The  State  of  Wyoming,  State  Engineer's  Office,  ss: 

This  instrument  was  received  and  filed  for  record  on  the day  of , 

A.  D.  1 ,  at o'clock .  m.,  and  duly  recorded  in  book of on 

page . 

State  Engineer. 


Letter  which  accompanies  blank  form  of  proof  of  appropriation  mailed  to  irriga- 
tors in  advance  of  submission  of  testimony  showing  right  to  the  beneficial  use  of 
water. 

,  189—. 

M . 

Dear  Sir:  Your  attention  is  called  to  the  inclosed  proof  of  appropriation.  It 
is  the  intention  of  the  law  and  also  of  the  board  of  control  to  make  the  adjudica- 
tion of  rights  to  the  use  of  water  as  inexpensive  to  the  appropriator  as  possible. 
Consequently  you  are  requested  to  cooperate  with  the  division  superintendent  to 
whom  you  submit  your  testimony  to  the  extent  that  you  prepare  yourself  to 
answer  all  questions  readily  and  accurately  before  the  day  set  for  submitting  said 
testimony. 

Your  special  attention  is  called  to  those  questions  whose  answers  indicate  the 
date  of  your  appropriation  and  use  of  the  water,  and  to  the  acreage  of  land  irri- 
gated and  description  thereof. 

By  complying  with  this  reciuest  you  will  not  only  facilitate  the  taking  of  testi- 
mony, but  will  insure  the  correct  establishment  of  the  respective  rights  and  possi- 
bly prevent  exx)ensive  and  aggi*avating  litigation. 

Yours,  truly,  ^ — , 

Division  Superintendent. 


Proof  of  appropriation  of  water. 
Permit  No. . 

(In  accordance  with  the  provisions  of  chapter  8,  Session  Laws  of  Wyoming,  1890-91,  and  amend- 
ment of  1895. ) 

From .    Division  No. .    District  No. . 

1.  Q.  State  your  name.    A. . 

2.  Q.  Post-office  address.    A.  . 


3.  Q.  Are  you  the  original  applicant  for  permit  No. ?    A.  . 

4.  Q.  If  not,  state  the  date  of  your  securing  an  interest  therein  and  the  nature 
of  your  interest  in  the  works  constructed  under  such  permit.    A.  . 

5.  Q.  When  did  construction  of  the ditch  (or  other  diatrib\itvck%^Q't^ 

described  in  said  permit)  begin?    A.  . 

6.  Q.  When  was  it  completed?    A.  . 
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7.  Q.  What  are  the  dimonKionB  of  the  ditch  (or  other  distribnting  works)  bnUt 
nnder  8aid  |)eniiit?    A.  . 

K.  (j.  (^ive  the  Icfcal  HulxliviMionH  of  land  owikmI  or  contn>lle<l  by  yoa  on  which 
water  hiw  Ikhsii  umhI,  and  if  an  appropriation  of  water  for  irrif^atioD  is  claimed, 
Kive  the  acn;aKe  which  han  Immjii  irriKattnl  in  eacli  leifal  Hiibdivigion.    A.  . 

0.  Give  the  date  when,  under  the  tenu8  of  tliis  iwriuit,  water  was  fint  benefi- 
cially uh*mI.    a.  . 

10.  Q.  If  for  irriK<itioii.  ^ive  the  l(M*ation  and  m^rea^e  irrigated  the  first  year 
and  thf  IcK'atiou  and  acreaige  irrigated  each  HubHe(|uent  year  t«>  the  present. 
A.  . 

11.  U.  What  cropH  were  grown  on  this  land  in  IHI) — ?  Give  estimated  acreage 
of  eawTi  crop.    A.  . 

12.  O.  During  what  montliH  w  wat<»r  lieneficially  ximnVf    A. . 

i:).  Q.  Give  amount  of  your  invi'Htnieut  in  the  conHtniction  of  ditch  and  laterals. 
A. . 

14.  Q.  (Mve  entimati^l  coHtiH»r  a<'re  of  ])rei>aring  land  f or  irrigaticm.    A.  . 

15.  Q.  I>oeH  th(>  nui])  which  acconiimnii^H  fcliis  pnM>f  show  com*c*tlv  the  size  and 
location  of  diverting  works  and  urea  of  land  win?re  water  was  nsed?    A.  . 

The  Statk  ok  Wvominu.  (Umntffnf ,  hh: 

1, .  iM'ing  first  duly  sworn,  do  de]|)os<»  and  sjiy  that  I  have  read  the 

alN)veaiid  fon-going  pr(N)f  of  ap]>ro]>hation  ot  water:  that  I  know  the  contents 
thereof,  and  that  thr  nu'ts  tluTfin  stjit«*tl  an*  triu*. 

In  witness  wlieniof  1  liave  hereunto  si't  my  hand  this day  of ,  A.  D. 

IKU— . 


,  Wyo., ,  1HI>— . 

I  hon'by  r«'rtify  that  tho  forogoing  aflRdavit  was  road  to  tht*  affiant  in  my  pres- 
en('(>  iH't'orc  hi*  sign<Ml  ]\\h  iianictlhTfto:  tliut  miUl  afliaut  istom<'iH*rsonalIy  known 

(or  has  Imm'u  siitisfactorily  id«'ntifi«'<i  iM-fon*  uh*  by ),  and  that  I  verily 

lN*li('V<>  him  t4)  1n'  a  <T<Mli1i1c  jntsou  and  thr  is*rson  h«>n*pr4*s4>nts himself  to  be;  and 

that  this  affidavit  was  subscribi'd  and  swurn  tu  before  me  at on  this day 

of  ,  IHl)— . 


triations 


NoTK.— Thisj)r«>of  is  intended  to  }>o  used  only  bypartioR  making  appropru 
under  ]M'rmits  issuimI  in  jwcordaner  with  chapter  h.  Session  Laws  IKtHMH. 

The  map  refernnl  to  in  ])aragra])h  b**  must  show  the  «Mitire  work  in  the  case  of 
individual  ditches.  In  the  case  of  largtT  works  only  one  mai>of  the  entire  c»nal 
need  \h'  filed.  Individual  ]»nM>t'  ntust.  howev<>r.  show  (lit(*h  from  innnt  of  diver- 
sion from  main  canal  and  all  hiterals  on  land  reclaimed.  Where  the  duplicate 
ma])  filed  in  the  State  engin(>er's  office  and  returned  to  the  a]»i)licant  giviwneoe»- 
S2iry  details  and  shows  ju'curately  the  location  of  coin]»l<'te<I  work,  it  mayl)e  filed. 

This  proof  shouhl  be  carefully  veritie<lan<l  acknowledp'd  iK'fon*  a  [STson  author- 
ized to  administ(*r  oaths. 

The  map  which  accompanies  this  ])roof  must  be  on  tracing  linen.  In'  m*cnrately 
drawn  on  a  s<'ale  not  less  than  'J  inches  to  the  mile.  ;ind  verified  by  the  iKirty  makr 
ingthe  meiisurements. 

Apx)licati(m  No.—.    ditch.    Takintr  water  from .     Water  division 

No. ,  in County. 

I, ,  do  hereby  certify  that  after  giving  notice  to ,  the 

applicant  for  cei-tificate  of  ap])ropriation  of  water,  in  accordance  with  the  (^ndi- 
turns  of  the  al>ove-named  iN>rmit,  I  made  on an  (>\aminatit»n  o'  the  above- 
named  ditch  and  of  the  lands  for  which  an  a]>]>ropriation  is  clainitMl. 

A  measurement  of  the  dit<'h  at gave  the  following  (limensi<nis: 

Width  on  bottom, feet;  width  at  surface  of  wali-r,         -  feet;  dejith, 

fi»et. 

1  found  the  ditch  (h<»re  state,  if  the  ditch  is  cariying  water,  the  dei)th  and 
velcK'ity  of  flow;  if  not  (tarrying  water,  the  deiith  of  water  it  has  <arrie<i). 

I  would  further  re]M)rt  tliat  I  visite«l  and  ]>erKonally  examined  »*}ich  h*gal  snb- 
division  of  land  for  which  an  ap])ro])i*iation  is  claimed,  and  found  that  the  follow- 
ing jwreage  has  lsH«n  irrigated  m  each  lO-acre  tiact: 

On  this  land  the  followim;  cro]»s  w«'r4'  grown  in  is<»— ;  —    acres . 

1  found  laterals  which  showed  evidi-nce  of  use.  and  that  thi-v  are  large 

enough  and  so  located  as  to  fully  irrigate  and  ret-laim  the  land  al>ove  desi-rilNsl. 

I  recommend  that  a  certificate  of  upproi>hation  be  issued  lor  the  lands  reclaimed. 
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Report  of  official  examiner, 

I  hereby  certify  that  an  official  inspection  and  measurement  of  the and 

of  the  lands  described  in  the  foregoing  proof  of  appropriation  of  water  was  made 

by on  the day  of ,  189 — ,  and  that  the  results  of  such 

insi>ection  are  given  in  the  foregoing  report.    In  accordance  therewith  I  hereby 
submit  the  following  recommendation:  . 

Superintendent  Water  Division  No. — . 


Proof  of  appropriation  under  2)€miit  No. — 
Division  No.  — .     District  No.  — .    From .    Name  of  appropriator, 


Filed  with  me  this day  of ,  189- 


Superintendent. 
Filed  in  this  office  this day  of ,  189 — . 

President  Board  of  Control. 


State  of  Wyoming. 
Proof  of  the  appropriation  of  water. 

From .  Division  No. .     State  your  name, . 

Post-office.    A. . 

State  the  use  to  which  the  water  has  been  applied.    A.  . 

State  the  means  of  diversion  emi)loyed.    A.  . 

If  through  a  ditch,  state  its  name.    A.  . 

(a)  State  tlie  date  of  the  survey  of  the  ditch  or  other  distributing  works 
through  which  the  water  claimed  is  diverted,  (h)  The  date  when  the  construc- 
tion of  such  ditch  was  begun  and  when  completed.    A.  (a) .     (6) . 

6.  Q.  If  any  enlargements  were  made,  state  the  date  when  begun  and  the  dt*te 
when  completed.    A,  . 

7.  Q.  State  the  dimensions  of  the  ditch  as  originally  constructed,  and  as 
enlarged,  and,  if  measured  by  the  county  surveyor  under  the  provisions  of  the 
act  of  1886,  give  the  results  of  such  measurements.    A.  . 

8.  Q.  State  the  name  of  person,  association  of  x)ersons,  or  corporation  who  built 
the  ditch  or  canal,  and  the  name  or  names  of  its  present  owners.    A.  . 

9.  Q.  If  water  is  claimed  for  irrigation,  give  the  legal  subdivisions  of  land  owned 
or  controlled  by  you  for  whi(!h  an  appropriation  is  claimed.    A.  . 

10.  Q.  State  the  nature  of  your  title  to  the  above-described  land,  and  if  not 
owned  by  you  give  the  name  of  the  owner  and  the  nature  of  the  i)ossessory  right 
which  you  exercise.    A.  . 

1 1.  Q.  State  the  year  when  water  was  first  used  for  irrigation  or  other  beneficial 
purix)ses,  and  by  whom.    A.  . 

12.  Q.  If  for  irrigation,  give  the  number  of  acres  watered  the  first  year,  ^ving 
the  legal  subdivisicms  on  which  used  and,  as  near  as  may  be,  the  acres  irrigated 
in  each  subdivision.    A. . 

13.  Q.  State  the  number  of  acres  watered  each  subsequent  year,  and  give  the 
legal  subdivisions  on  which  the  water  was  used,  and  as  near  as  may  be  the  acres 
irrigated  in  each  legal  subdivision.    A.  . 

14.  Q.  State  the  number  of  acres  irrigated  from  said  ditch  in  189 — ,  and  give 
the  legal  subdivisions  on  which  water  was  used,  and  as  near  as  may  be  the  acres 
iiTigated  in  each  subdivision.    A.  . 

15.  Q.  State  the  acreage  said  ditch  is  capable  of  watering,  give  the  le^al  sul> 
divisions  of  land  which  it  can  be  made  to  irrigate,  and  state  who  owns  said  land. 
A.  . 


16.  Q.  State  your  proimrtionate  interest  in  said  ditch.    A. 


(16)  The  plat  prepared  by  the  State  engineer  is  hereby  accepted  as  showing 

correctly  the  location  of  the  ditch  and  the  land  which  can  be  irrigated 

therefrom.'    A.  . 


'  In  case  there  is  objection  to  the  official  plat  the  parties  objecting  must,  when 
giving  proof ,  file  a  written  statement  of  tne  reasons  theref oi\  aiv^  \jcca.^\,  ^^r^^i>K>Kv 
thirty  days  file  with  the  division  superintendent  a  Taa\>  ol  ^fflb\^^\jc\v«v\^vrc\^35ai^^ 
lands,  with  affidavit  at  surveyor,  giving  date  oi  smtv©^  ,  ^\X,^jc)ci»^\>a&^^'^- 
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17.  Q.  When  dooH  your  irrifcnt ion  neammlM^pn  and  wlion(1<)08  it  end?  A. 


IH.  Q.  If  water  In  uwmI  for  other  puriK)H('H  than  irriKiition,  Htate  the  natare  of 

Burli  MM*  and  th«  tinit^  when  Hueh  urk?  U'^n.    A.    . 

ID.  Q.  How  inuc'li  water  is  nMiiiin*d  for  such  imrpowV    A.  . 

20.  U.  DnrinK  what  months  is  the  water  nswl?    A.  . 

21.  <^.  Have  you  or  any  other  claimant  of  said  aiipropriation  filed  a  claim  to 
water  in  the  om(*e  of  the  county  clerk?  If  so,  ^ve  (Uite  of  filinK  and  the  name  of 
the  i>arty  or  ]>arties  interesttnl  in  said  claim.    A.  . 

22.  Q.  Have  you  liad  sufficient  wat4*r  ea(*h  year  siuci*  the  use  for  which  an 
appropriation  is  c1aiine<l  )N*f^in?    A.  . 

2ii.  Cj.  If  not,  state  tin*  years  of  s(*un'ity«  the  months  wheii  the  supply  was 

insufiicient.  and  the  reiison  of  such  scarcity.    A.  . 

R4>marks: . 

Si^ntMl: 


,  Wyt)., 


,  IW— . 


I  hereby  certify  that  th<'  fore^oinK  affidavit  was  read  to  the  afiUnt  in  mv  pres- 
ence liefore  he  sifcnedhis  name  tht^reto;  that  said  affiant  is  to  nit*  i>ersanally  known 

(or  has  iKH^n  satisfju'torily  identified  Ih'fore  me  by ),  and  that T  verUy 

lN*1iev(t  him  to  l>e  a  cre<lible  ix'rsoii  and  the  imtsoii  lt«*  rci)n*Ki*nth  himself  to  be;  and 

that  this  affidavit  was  subscribed  and  sworn  to  iM'fore  meat on  this 

day  of .  IW)— . 


Division    No.  -        I)istri<"t  No. 

-    davof 


Filed  with  m«*  this 

Fil<Ml  in  this  office  this    -    -  day  i»f 


Fronj 


/  tirisinn  Sufurintenden L 
.     NauK*  of  cluiuiant. 


Sit/M'i'hi  teiident. 


I *rt •Hi'tiinf  IttHini  It/  ( 'on trul. 


Till-:  .Statk  or  \Vv«»min<;. 

Crrtiflrtttr  nf  iiftjtrn/frititiini  tif  iiuitrr. 


\Vh«'ri'as  - 


,of - 


County.  Wvinniii;;.  h}i>  pii-M'Mh'd  to  tht»  lM>ard  of  con- 


trol of  tlir  State  of  Wyoiiiinj^  pri>ol"  of  tin*  a])pi'o])riiitioii  of  watrr  from 
through  tho for  - 

Now  know  ye,  that  thr  lH)ard  of  control,  under  thf  provisions  of  chapter  8  of 
the  S<*s.sion  Laws  of  Ihjh)  1M.  entitled  "An  art  pmvi^lin;,'  lor  tin-  su]M'rvision  and 
US4?  of  the  waters  of  thr  State."  apjn-oved  l)ec»'nib«T  "JV.  I^'.mi.  has.  by  an  order 

dated  the day  of  --    —  .A.  I).  IsiJ  -.deterinine<l  and  e.stal»li>h('d  tlie  pricnrity 

and  amount  of  approori  at  ion  aslollows:  Nanieot' aji)n-o])nator.  :  ]Mmt-offioe 

address. :  numiM-r  of  j^4*neral  in"i«n*ity.         :  tir>t  ajiin'opriation, ;  non^ 

Imt  of  j>riority  on ;  first  ap])ropriation,         :  aTimnnt  of  tirst  ap])r4>priation, 

<rubic  fe<«t  ])er  wcond;  date  of  first  api»ro])riatioii. :  desiTijitionof  land 

t4»  Is*  irrigated, . 

In  testimony  whereof  I. —  — .  ])resi«lent  <»f  tlie  State  Inianl  of  control,  have 
hereunto  s«^t  my  hand  this  —  ■  -  day  of  —  .  A.  I ).  I •*<•.»  -.  ami  ea used  the  seal  of 
said  l)oard  to  \xi  hereunto  affixed. 


[SKAL.] 

Attest: 


I'tTshietit, 


Srrrftiirff, 


WATER  LAWS  OF  NORTHWEST  TERRITORIES  OF  CANADA. 


61  Victoria,  Chapter  35. 

AN  ACT  to  amend  and  consolidate  the  northwest  irrigation  acts  of  1804  and  1895.    [Assented 

to  13th  June,  ieosT\ 

Her  Majesty,  by  and  with  the  advice  and  consent  of  the  Senate  and  House  of 
Commons  of  Canada,  enacts  as  follows: 

Short  title.     1.  This  act  may  be  cited  as  the  Northwest  Irrigation  Act,  1898. 
Interpretation.    2.  In  this  act,  unless  the  context  otherwise  requires — 
Minister,    (a)  The  expression  *'  minister  "  means  the  minister  of  the  interior; 
iiAno^ii»ikn4         (^)  The  expression  **  department  '*  means  the  department  of  the 
Jieparimeni.    i^^^ior  at  Ottawa; 

rAininiaaiAnA..  (^)  The  expressiou  '* commissioner"  means  the  commissioner 
l^ommissioner.    ^^  yxMic  works  for  the  Northwest  Territories; 

Thipf enipineer  ^^^  "^^^  expression  ** chief  engineer"  means  the  chief 
i.niei  eogineer.  engineer  and  surveyor  of  the  department  of  the  public  works 
for  the  Northwest  Territories; 

llominion  Und  ftnrvevnr  (^^  '^^^  expression  "Dominion  land  surveyor" 
iiominion  lana  surveyor.  ^^^^^^^  ^  surveyor  duly  authorized,  under  the  pro- 
visions of  the  Dominion  lands  act,  to  survey  Dominion  lands. 
romnanv  ^^^  "^^^  expression  *'  company  "  means  any  incorporated  company, 
"  '  *  the  object  and  powers  of  which  extend  to  or  inchide  the  construction 
or  operation  of  irrigation  or  other  works  under  this  act,  or  the  carrying  on  there- 
under of  the  business  of  the  supply  or  the  sale  of  wat^r  for  irrigation  or  other  pur- 
poses, and  includes  any  person  who  has  been  authorized  or  has  applied  for  author- 
ity to  construct  or  operate  such  works  or  carry  on  such  business,  or  who  has 
obtained  a  license  under  section  11  of  this  act,  and  also  includes  any  irrigation 
district  incorporated  under  an  ordinance  of  the  Northwest  Territories; 
Works  ^^^  "^^^  exprestion  '*  works"  means  and  includes  any  dykes,  dams, 
weirs,  flood  gates,  breakwaters,  drains,  ditches,  basins,  reservoirs,  canals, 
tunnels,  bridges,  culverts,  cribs,  embankments,  headworks,  flumes,  aqueducts, 
pipes,  pumps,  and  any  contrivance  for  carrying  or  conducting  water  or  other 
works  which  are  authorized  to  be  constructed  under  the  x)rovisions  of  this  act: 
Dntv  of  water  ^^'^  ^^  expression  "  duty  of  water  "  means  the  area  of  land 
un\j  oi  n*  aier.    ^^^^^  ^  ^^-^  ^£  water  will  irrigate,  which  unit  is  the  discharge  of 

one  cubic  foot  per  second: 

jl  ^  (i)  The  expression  "  licensee"  means  any  person  or  company  who 

is  granted  a  license  in  accordance  with  the  provisions  of  this  act. 
Annlii*fltinn         ^*  '^^^^^  ^^^  shall  apply  to  the  Northwest  Territories,  except  the 
Appiicaiion.    provisional  districts  of  Yukon,  Mackenzie.  Franklin,  and  Ungava. 

Riirht  in  hha  waters  '^'  "^^^^  property  in  and  the  right  to  the  use  of  all  the 
Kigrni  10  use  i^an  rs.    ^^ter  at  any  time  in  any  river,  stream,  water  course,  lake, 

creek,  ravine,  canon,  lagoon,  swamp,  marsh,  or  other  body  of  water  shall,  for  the 
purposes  of  this  act,  be  deemed  to  be  vested  in  the  Crown,  unless  and  until  and 
except  only  so  far  as  some  light  therein,  or  to  the  use  thereof,  inconsistent  >\'ith 
the  right  of  the  Crown,  and  which  is  not  a  jiublic  right  or  a  right  common  to  the 
public,  is  established,  and,  save  in  the  exercise  of  any  legal  right  existing  at  the 
time  of  such  diversion  or  use,  no  i)erson  shall  divert  or  use  any  water  from  any 
river,  stream,  water  course,  lake,  creek,  ravine,  cailon.  lagoon,  swamp,  marsh,  or 
other  body  of  water,  otherwise  than  under  the  pro\asions  of  this  act. 
i»<»i.4o /vr  »..«.. «..^  ^Fi^^....»r»  •5.  Except  in  pursuance  of  some  agreement  or 
Klgrnts  or  trainee  ol  t  ro^  n    ,„i(iertaking  existing  at  the  time  of  the  passing  of 

•  this  acit,  no  grant  shall  be  hereafter  maf^e  by  the 

Crown  of  lands  or  vof  any  estate,  in  such  terms  as  to  vest  mi  the  grantee  any  eKc.l\\- 
sive  or  other  property  or  interest  in  or  any  exc\\m\^  i\%\i\.  ox  \fnN^^V^^  V^'<^ 
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resiKM't  to  any  luki».  rivor,  ?<trt>am.  or  other  ImmIv  of  wjit^-r,  nr  in  i)r  witli  reH|ieet  to 
the  water  contaiiUHl  or  Howin^  t)ien*in.  or  the  hind  forming  the  ImhI  or  shore 
tlienM>f. 

Riirht  in  ntu^  walorn  iiiav  ho        *•  -^^**''*  ^^^  pa^wnk'  <»f  this  act.  no  riKht  to  the 

«^'m.irni^..Ii V  nnH^  IM-nnanent  diversion  or  to  tl x(  hisive  us«  of  the 

aiMiiiirpd  oni)  under  this    water  in  any  river,  stream,  water  course  .hike,  creek, 

ravine,  canon.  hipN>n,  swamp,  marsh. or  other  body 
of  water,  shall  1m»  ar(Hiir<Ml  liy  any  riparian  owner  or  any  otlier  jM'rson  by  lenjarth  of 
nm»  or  (»therwis«»  than  as  it  may  InMiccpiired  or  conferre*!  nnder  tlie  ])roviMion8  of 
this  act .  unless  it  is  acciuinnl  i)v  a  Ki*init  made  in  ])nrsnanc<'  of  some  apreemeiit 
or  undertaking  existing  at  tlie  time  of  the  passing  of  this  act. 
PorHons  Already  hiildliiir  u  ^'  ^^''''*>'  <'«»i»l»a"y  <>r  IMTson  who  holds  water 
11^111  nniHloDiain  lUenw*.  jj^.j^^irtMl  under  this  act.  or  who,  with  or  without 
authority,  has  constnicted  or  is  ojN'ratinK  works  for  the  utilization  of  water,  sliall 
obtain  a  license  under  this  act  In't'ore  the  first  day  of  July,  one  thousand  eight 
hundnMl  and  ninety-ei^ht. 

If  lieeiiM*  U  nut  iiMniiHwl        '*   ^*  **"**^*  li«pns«*  is  tibtained  within  the  time 
II  Ithh.  st«t?/.  tl    o  \un^UH].  th  .  exenis4.  of  smh  rights  may  thereafter 

viniini  siaiea  nine.  ^^.  cmtinuiHl.  and  such  works  nmy  W  carried  on 

under  the  provisions  of  this  act:  otherwiw  such  n;^hts  or  w<»rks.  and  all  the  inter- 
est of  such  iM»rson  therein,  sliall,  without  any  demand  or  ])rtK'fe<linK.  1h»  alwolutely 
forfeited  to  Her  Majesty,  and  nuiy  be  disjKised  of  or  dt-alt  with  as  the  governor  in 
council  se<»s  fit. 

Aiiiilieiif  bill  fur  lleeime  '^'  Kx**'l»^  "» ^"^«<*  *»*"  Hpplications  for  water  for  domes- 
AppiKailoH  ror  ll<  <  am .    ^.^.  p„riM»s«'s.  as  hereinafttr  provided,  the  applicatiou 

for  such  lic4'ns<'  shall  1n>  madf  in  t)i«*  same  nninn<>r  as  for  other  lic«'ns<'s  under  this 
act. and  the  like iirtM-ei'din^s  shall  Ih'  liad  theri*on  an<l  lik«*  information  furniMbed 
in  connection  then- with. 
AnnHeation     f «  r    water        ^'  -^">'  ^^'"^''^'  ^****  proisTty  in  which  is  vested  in 

II  tiMVowi  ♦'*"'•  ''''  "^^*''''  P"n>"^''>*.  "P'»"  application  therefor 

as  hereinafter  i)rovide(1:  and  all  a])]»licationH  niade 
in  ac<'ordance  with  tin-  ]»ri»viNinns  of  this  act  shall  have  ])n'c«Mh*nce,  except 
ai)))lications  und*M*  section  S4>v(>n.  according;  to  the  <late  of  Hlini;  them  ^vith  the 
commi.Ksiont'r. 

Wilier  riLHiNelasslHed  *■  '^***'  pnriM)S4.s  for  which  tlu-  rijrht  to  water  may  be 

}iMiU  r  rtun\>i  lassinnl.     .j,.,j„i,.,.,]  .^y^.  ,,f  Hj^,.,.  <lass«'s.  namely:  First,  domestic 

purixi.'^'s.  which  shall  be  taken  to  mean  housrhold  and  sanitary  ])uri»os«'s  and  the 

waterinj^  of  st<K-k.  and  all  purpose's  <-«nin«»ctrd  with  the  working;  of  railways  or 

factories  by  st<*am,  but  shall  not  in<'lud«*  tlie  sab*  or  barter  of  water  for  such  pur- 

lM)s<»s:  .second,  irrijjation  pur]>oses:  and.  third,  other  purposes. 

RiLrhlH  <if  riniiriiiii  iirii-        ^^'   ^'*  applieation  for  any  i.urpose  shall  )m^  granted 

rietors  ^^'**'"^'''  **"*  proposed  use<.f  the  water  would  deprive  any 

'  •  jM'rson  ownin;;  lands  adjoining;  the  river,  .stream,  lake, 

or  other  souH'e  of  supjily  «»f  whatever  wati-r  he  ri'(piires  for  domestic  ]mnN)HeH. 

Prelinihiurv    work         '•'  ^^">'  1"'^''^''''  contemplating  or  i.ro.iectin^  any  works 

1  V  II  •<•!  see  under  this  act.  may.  ujhui  snbniittin;:  a  p'ueral  des<'rii)tion 

*•         '  *    '  '  of  su<*h  works  and*  upon  ]»aynh'iit  of  a  fee  nf  three  duilant, 

obtain  from  the  chief  enj^ineer  a  lirenH'  to  do  the  iKMi-ssary  ]»reliniinarv  work  in 

<'onne<'tion  with  the  hH'ation  of  such  works:  and  alt«'r  he  obtains  such  licenHe  he 

Fnterinir  hinds     '"••>'•  ^^'^^^>  such  a^^sistants  as  an-  iiecfssary.  enter  into  and  niion 

'  »^    "  I     .    any  jmblit"  or  private  lands  to  take  levels,  make  surveys,  and 

do  other  n<»cessiiry  work  in  connection  with  such  location,  doin;^  n<)  unnecessary 

dainap'. 

l.\ii-ni  «r  ......ii/..i4iiiM  ■  ■•  ''^^■''O'  ap]»licant  for  license  uinhr  this  act,  except 

rorin  oi  appiKaiion.    .^^  hereinafter  provich-d.  >hall  lih-  with  the  c<.ninii.ssioner 
the  followinj^  d<K"unients: 

M  Mil  irl  il  ^^'^  ''^  memorial,  in  dujilicate.  on  forms  ]>rovi«led  by  the  commia- 

sioner.  in  which  tin'  anplicant  shall  set  forth  his  name.  re.sidi*nce, 
and  (M:cti]uition,  his  financial  standing;,  tlu^  .source  from  whi«h  water  is  to  lie 
diverted,  the  point  of  div<'rsion.  the  probable  quantity  of  water  to  be  used,  the 
size  and  character  of  the  works  to  Ik*  <'onstructed.  the  ana  and  location  «)f  the 
land  to  1m?  irrijjated,  the  value  of  .such  land  in  its  jn-esent  state,  incluiliuK  imi»rove- 
inents,  the  probable  numlH?v  (»f  consumers,  and  the  rate,  if  any.  to  Im*  char^fwl 
ir    ..»..ii^..»4    1^   ....    !....<...      for  water  sold:  but  if  the  applicant  is  an  incorpor- 

r^^^^^^^^^^^  ^^^^''^  companv.  the  memo,-ial  shall  also  set  forth 

l***'^'"^"^"'"!^""^  the  names  of  its  directors  and  ofhcers  and  their 

phures  of  residence,  the  date  of  its  incorj)oration.  the  amount  of  the  company's 

subsc^ribe*!  capital,  the  amotmt  of  its  i>ai<1-up  capital,  the  proiM)S4*d  method  of 
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raisiiiK  further  fnnds.  if  needed,  and  tlie  piirpiTsea  fur  whith  thf  company  is 
inwiri>orat^; 

Application  to  crosR  road        ""  M  application,  on  tonus  prorided  by  the 

■llnwniipf     nr    unrvpvod     '^on™i'**ioi"'- lor  the  ngbt  to  conBtruct  any <ttna], 

?Md^  i^enernl  wl.i.     '        ^"^'^-  "■•««'"<•>'■  ""■  oth^  w^ ^b  referred  to  in  the 

roan .  yenerni  pian.  uiemorial,  across  any  road  allowance  or  Biir\-eyed 

pulilir  highway,  which  may  be  affected  by  sach  works: 

(c)  A  gtineral  plan,  in  duplicate,  on  tracing  linen,  drawn  to  a  scale  of  not  less 
than  one  inch  to  a  mile,  showing  the  source  of  eupply.  the  position  of  llie  point 
of  intake,  the  location  of  the  niain  canals  or  ditcnis.  the  tract  of  laud  to  be  irri- 
gate, the  name  of  the  owner  of  each  parcel  of  land  crossed  by  the  <;anal.  or 
ditch,  or  by  any  reservoir  or  other  works  connacted  therewith,  or  to  be  irri)^ted 
therefrom,  and  the  )>oiiition  and  area  of  all  ponds,  reservoirs,  and  tnudns  intended 
to  be  constructed  for  the  storage  of  water;  and 

nclail  nian         ''' '  ^  P'*"' '°  dupHuate,  on  tracing  linen,  showing  in  detail  all 
'  head  work*,  dams,  flnmeB,  bridges,  culverts,  or  other  structures  to 

be  erected  in  connection  with  the  proiHJseii  undertaking. 

titiHtloHol     i.luna    In     IIia         !».  In  the  case  of  all  ditches  Or  cauals  Carrying 
™  nf«r!-f„t-l«i/        """■"  tl-an  twenty-live  cubic  feet  of   water  i)e? 
rase  oi  cenain  eanaiH.         aet-ond,  in  addition  to  the  above  information,  the 
applicants  shall  furnish  the  following  mapu  or  plans,  in  dDplicat«: 

(a)  A  longitndinal  profile  of  the  <iitch,  showing  the  bottom  and  the  proposed 
service  water  line,  the  horizontal  scale  being  not  less  than  one  inch  to  four  hun- 
dred feet,  and  the  vertical  scale  not  lees  than  one  inch  to  twenty  feet; 

(b)  A  plan  showing  cross  sections  at  a  snfBcient  nnniber  of  points  to  fully 
illustrate  all  the  diiferent  forms  which  the  ditch  when  constructed  will  take,  par- 
ticularly on  side  hills  or  elsewhere  where  any  portion  of  the  water  is  to  be  conveyed 
in  fill.  When  water  is  to  be  conveyed  in  cut  there  shall  also  be  shown  on  this 
plan  cross  sections  at  points  where  the  shortest  horiBontal  distance  from  either 
side  of  the  bottom  of  the  ditch  to  the  snrtaee  of  the  ground  is  less  tlian  double  the 
bi-ittom  width  of  the  ditch  at  that  i>oint.  This  plan  enalt  be  drawn  on  a  horizontal 
and  vertical  scale  of  one  inch  to  twenty  feet; 

Plans  of  works  in  c.inner-         "■*  ^'*^  "'  ""^  ?*™*;  *■"**■  embankments,  or 
.1  -  -?.h  -  i.  -\,;.t«.  '*!»«>■  works  proposed  to  obstract  any  nver,  stream, 

tlon  with  rewrvoln..  i^^_  or  othef  «)W^.>f  water  supply,  or  in  order  to 
create  a  pond,  reservoir,  or  basin  of  water  anywhere,  or  which  may  have  that 
effect,  prepared  on  a  longitudinal  scale  of  not  lees  than  one  inch  to  one  hundred 
feet,  and  for  cross  sections  on  a  scale  of  not  less  than  one  inch  to  twenty  feet,  and 
showing  what  material  is  intended  to  be  used  and  how  placed  in  such  works. 
The  timber,  brush,  stone,  linck,  or  other  material  usea  in  such  works  shall  be 
shown  in  detail  to  a  scale  of  not  less  than  one  inch  to  tour  teet: 
o,  ,  J  A  (<0  Crose-section  maps  or  plans  showing  the  sur- 

r^J™lr«  fa^e  of  the  ground  umier  such  pond,  resirvoir.  or 

*      ■  basin  of  water,  and  also  the  surface  of  the  water 

nroposed  to  be  held  therein;  the  horizontal  scale  of  the  said  iuai)s  or  plana  shall 
De  not  less  than  one  inch  to  one  hunilred  feet,  and  the  vertical  scale  shall  be  not 
less  than  one  inch  to  twenty  feet,  and  a  sufficient  number  of  lines  of  levels  shall  be 
shown,  so  that  the  contents  of  the  pond,  reservoir,  or  basin  of  water  may  be  accu- 
rately determined.  If  the  maps  or  plans  show  the  levels  by  contour  lines,  they 
shall  be  on  a  scale  sufficiently  larfre  that  the  contour  lines  shall  show  a  vertical 
distance  between  them  not  exceeding  one  foot.  The  maps  or  plans  shall  have 
sufficient  information  to  show  clearly  the  property  likely  to  be  affected  by  the 
creation  of  such  oonds.  reservoirs,  or  oasins  of  water,  and  the  manner  in  which 
affected,  and  shall  show  in  detail,  on  a  scale  of  not  less  than  one  inch  to  four  feet, 
the  proiKised  manner  of  controlling  and  drawing  off  the  water  from  any  such 
pond,  reservoir,  or  Iwudn. 

H.,._.«-i.i<,  .».i  ..i~n.  *.,  I.  18«  The  memorials  and  plans  filed  as  above  pre- 

Meuorials  anil  plans  to  b-       ^^^  or  a  true  copy  thereof,  shall  be  open  for 
0|>en  for  inspection.         eiaminktion  by  the  public  at  all  times  in  the  depart- 
ment  and  at  the  office  of  the  commissioner  at  Regina. 

FIHnB-elM-whfre  "*-,  ^"  ""?  *^^^  '"  '"''''ch  he  thinks  proper,  the  minister 

riling  cisewnere.  ^^y  ^^j^^  ^^^^  ^  ^^^  ^j  ^^^  memorial  and  plans  shall  be 
filed  in  such  other  place  or  with  such  other  official  or  person  as  he  names  for  that 
purpose,  and  snch  copy  also  shall  be  open  to  public  inspection. 
vnhii..  n..n.,&  mf  uiiiilli-H  14.  Public  notice  of  the  filing  of  the  memorial 
PnMie  """[e  of  appUca-  and  plans  shall  forthwith  l>e  pven  by  the  applicant 
in  some  newspaper  publisbe<i  in  the  neighlwrhood, 
tc  be  named  !>>•  the  commissioner,  not  less  than  once  a  week  for  a  period  of  tliirtv 
days,  within  which  time  all  ]>roteBt8  against  granting  the  rights  applied  for  shall 
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b4^  f(irw}ir(V>(1  ti>  ttu*  minister,  ami  such  notice  slmll  rrmtaiii  a  statement  of  the 
Tiatur<>  of  the  ri^htH  appliiMl  for.  and  the  ^'noral  <'haracter  and  hxration  of  the 
propownl  w«)rks. 

i>».H».«.  ♦«  K«  «..»mI.i»..».i  -•  The  minister,  after  oonHidering  all  protests 
^'^''^•'*\^,,.\"  llUr  fil<^^  ""^>  authorize,  as  hereinafter  provided,  the 

•'  """••'*'*^«  construction   of  the   i>ni])08e<l   works,  with    such 

chaiififes  or  variations  as  he  dei*ms  nec'essary. 

V  .1  I  ..  .1  1  4  K..  16.  Tlie  memorial  and  plans  filed  with  the  com- 
Meiiiorial  and  plans  t»  he  „,i^,i,»„,,r.as  herein  pro viiLl. shall  l)eezamined  by 
oxanil  ned  and  approved.  ^,^^.  ^.,,^,.f  outom^^r,  and.  aifter  ha^inff  l)een  approved 
})y  liim.  one  copy  »1ih11  1n'  for\vard«Ml  for  nx-ord  ]Min^»s<rs  in  the  de])artuient:  and 
\i\}tm  recei]>t  of  such  memorial  and  phins,  proiM'rly  approved,  toiicether  with  a 
certificate  that  the  profM^r  notice  of  tlie  filing  of  such  memorial  and  plans  has  been 
])ublish(Ml.and  that  iN>rmission  hiislKHMi^ranttHl  by  the  commissioner  toconstmct 
sn<*h  works  a<Toss  road  allowan<'es  <»r  survcy«Ml  public  roads  affected  thereby,  the 
minist4>r  may  authorize  the  construction  f»f  the  ]>ro]x»s4Kl  w(»rks,  fixing  in  snch 
authonzatioii  a  term  within  which  the  construction  <>f  the  works  is  to  be  com- 
l)let«Hl. 

/,,  ,      I   ^   4    ■    111    I         '^'  Anv  changes  and  variatitms  ordered  by  the 

(  hanires  in  plans  to  be  filed.    ,»! lister  re^ardin^  th«.  plans  of  the  pmposed  works 
must  1m'  fil«*d  by  th(>  applicant  in  the  ofTici'  of  thf  commissi(mer.  and  shall  form  a 
lM)rtion  of  th«*  record  «)iM'n  f<»r  ])ublic  ins}M'ctio)i. 
Ik.  .14  1        r«  ....    ..I  ...^         •*■  ^**  material  deviation  from  the  plans  filed  shall  lie 

lleunlion   rroni    plans.    ,,1^,1,.  ^,it]i„„t  iM'rmission,  and  any  qm^tion  ariainK  as 
to  whether  any  deviation  is  material  or  otherwise  shall  Im*  d(>4*id(><l  by  the  chief 
en;^n(»er.  or  such  other  ofticiT  as  the  minister  desijrnat4's. 
.Ml.  .      I  ...    I  17.    Ill  thf>  can'  of  aiiplications  for  water  for 

««'» ''•^•'•'"  «•'""'"■       if  lu-  S....S  tit.  waiv.-  tl..-  !i.Kvssity  for  filing  thepton. 

re<iuired  by  s4>ction  <>leveii  of  this  lu't.  and  may  re<juire  tlie  a]>plicantR  to  file  a 
meiiinrial  only:  but  he  may  order  tliat  such  memorial  shall  c«>ntain  all  the  infor- 
mation iiecessjiry  to  a  full  and  com]>lete  understanding  of  the  rights  applied  for. 
I     .       ..  f  -  IN.  Anv  Works  authorized  und«'r  this  act  shall,  if  the 

inspeenon  01  ^orKS.  „ii„i.st,.i  .,;,  (i,.termines.  be  < -oust rucied.  subject  to  inspec- 
tion during  construction  by  the  <'hief  enj^in«H»r.or  any  t»ther  «»ftic«»r  to  Ih*  named 
by  the  minister:  and  the  cost  of  such  iusiwctioii.  or  such  ])ortion  therfH)f  as  the 
minister  d«*cides.  shall  Im-  b«»rne  by  the  ]HTson  or  conqiany  constructing  such 
works. 

I.  .,  41  .  «  ..  ..11,  .41  ..  **•  Should  anv  iM-rsoii  residing;  on  or  owninir  land 
iHspeHlon  on  application  i„  ,i,,.Hri;,^hborh.HMl  nf  anv  wo^ks.  either  (•«>mpleted 
of  proprietor  near  works.     ,,,.  .,,  ^...^ -^,. .,,  .,,,,,j,„,,i.,,,, ,,,,,.,,.  ^o  the  milnister 


in  writin.LC,  <iesirinj;  an  insiHM'tion  of  su<'li  works,  the  minister  may  order 

in.'<]M'cti(»n  thereof. 

,.,...  ,     ,  :}    The  minister  mav  require  th<' aiiplicant  for  in- 

I)<-|iosit  «..  1...  iiiiKh-  b»  .i|>-    ,,„.,.,j,.„  ,.,  ,„,,|,.. ,, .,;.,,.  J,  .,,•  ^„..,,  V,„„  „f  money 
piieani.  as  tlie  minister  tliinks  Ufci'ssiry  to  ]»ay  the  expenses 

of  an  inspe<-tion.and  in  rase  tli<- application  ap|H'ar^  tojiiirinot  to  have  iNH'n  justi- 
fied may  <'anse  tin*  wh«)l«*  or  ]»art  of  the  expenst"^  to  br  paid  out  of  su<"h  d<;p08it. 

m^    r       I  A    e       4  •^'  In  case  ih«' aiipli<'at ion  appears  to  the  minister 

KiifoiTliitf  iMijii \  <.r.-..>.ls.   ,,,  ,,.,^.,.  ,^.,.„  j„^,|,'i..,,  ,,..  ,„;,V  ,„-.l.T  tl..-  i«'rs.>n  or 

company  to  ]»ay  the  wh»»le  or  any  ])art  of  tlie  exju'iises  of  tin-  inspection,  and  such 
I)Hyment  niav  be  enf<»rc»'d  as  a  debt  due  to  Her  NIaJi"*ty. 

Works  to  he  made  secure         •''>..  I'l^  »"?«">' insiHi'tioTl  ni.dcr  the  provisions  of  this 
vvoiHs  HI   iH    inaiif    smufi.     „,^.t,oM  the  nnnister  may  oplcr  the  ]K-rs<»n  or  c^jhi- 
I)any  toniake  any  addition  or  alteration  which  he  «oii>iders  Ticcr>sary  f«ir  their 
security  t<M)r  in  any  works  of  the  js-rson  or  c<»nipany,  ami  Donconndiance  with 
such  order  may  In-  dealt  with  in  the  same  mainn'r  as  is  ]»rovidc<l  with  resiK»ct  to 
an  order  of  the  minister  under  section  forty  of  thisa<'t. 

<).  Provi<led.  that  whure  under  section  s<*veiiteen  the  minister  waives  tlu^  ncHies- 
sity  for  jdans  this  section  shall  not  ajiply. 
\ri.. ..    ..-.^i.    «. ...    i.«  .......  '^^«  "^riie  ])erson  <»r  <'onipanv.  immediately  after 

When   ^W)rk    iiiin    he  com-    the  recei,,t  ^If  the  authorizlition.  may  pHn-cMMnth 

niemeti.  ^^^^,  cniistmction  of  th«;  work*.  anthoriz»d.  and  for 

the  imrjMises  of  such  c«»nstruction  .shall  have  the  ]»owcrs<'onrerred  by  the  railway 

Piiuor»  iiiidi^r  i.  •>«!  nf  I  sss      *"'^  "1^*"  railway  <f  »mpanies.  so  far  as'the  same  are 
I  ow«  rs  un<l(  r  < .  -.»  or  1  sss.    jjj,pii,..ii,i,.  t,,  the  undertaking  of  the  person  <»r  com- 

jmny  and  are  not  incon.sistent  with  the  j)rovisit»ns  of  this  a<-t  <ir  with  th«'  authr»rity 
given  to  the  ]M*rson  or  com])any.  the  i)rovi.sions  conferring  such  powers  iH'in^ 
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taken  for  this  purpose  to  refer  to  any  work  of  the  person  or  company  where  in  the 
said  act  they  refer  to  the  railway. 

fr<n.A//^..A/^n..nA»Ain».u'<^..iru  ^O.  The  construction  of  any  work  authorized 
Time forcominenciiigr  works  ^^derthis  act  shall  be  commenced  not  later  than 

two  mouths  after  the  date  of  the  authorization ,  un- 
less such  two  months  expire  between  the  first  day  of  November  and  the  first  day 
of  May  following,  in  which  case  the  time  of  commencement  shall  not  be  later 
than  the  first  day  of  May  following,  and  shall  proceed  continuously  until  suffi- 
ciently completed  to  supply  water  to  all  applicants  within  the  area  described  in 
the  authorization,  proviaed  there  is  sufficient  water  available  for  that  purpose; 
and  the  minister  or  such  officer  as  he  designates  shall  be  the  sole  arbiter  as  to 
whether  the  work  is  being  prosecuted  with  sufficient  vigor. 

i?*4^»ot^»  ^#4^i».4x  f »  ««o^  M^9  3.  Should  any  unforeseen  disaster  intervene  to  nre- 
Extenslon  of  t^^^^^  in  case  of    ^^^^  ^^^  constriction  or  completion  of  the  works 

within  the  time  limited,  or  for  any  other  reasons 
which  he  deems  sufficient,  the  minister  may  authorize  an  extension  of  time  for 
the  commencement  or  completion  of  the  works. 

v/^^r^Wn^A  A^^t»k«  ir  ^^^iru  3-  Upon  the  expiration  of  the  time  limited  for  the 
^^f  «\?*  «^i^!i^*iyj^?hi»  completion  of  the  works,  the  rights  granted  to  the 
t\m^\\m\1^A  ^""*'*    person  or  company  shall  cease  and  determine,  except  - 

m  so  far  as  tliey  are  necessary  for  effectually  oper- 
ating the  works  then  completed;  and  any  works  at  the  date  of  such  forfeiture  con- 
structed or  acquired  may  be  taken  over  and  operated  or  disposed  of  by  the  min- 
ister in  the  manner  and  upon  the  terms  hereinafter  provided. 
Y»o»»^4i^»  ^9  ,..^»ir«  ^«  «^».  ^4.  Upon  the  expiration  of  the  time  mentioned 
'^,?P.«i*^«^^iI«^«^?L?fff"    in  the  authorization  for  the  construction  of  any 

leave  lor  license.  struction  is  sooner  completed,  an  inspection  shall 

be  made  by  the  chief  engineer  or  such  other  officer  as  the  minister  appoints; 
and  a  certificate  shall  be  issued  by  the  chief  engineer  and  be  forwarded  to  the 
department  setting  forth  that  the  works  have  been  completed  in  accordance  with 
the  application,  that  the  right  of  way  for  the  works  has  been  obtained,  that 
agreements  have  been  entered  into  for  the  supply  of  water  for  the  irrigation  of 
lands  which  are  not  the  property  of  the  applicant,  and  that  the  works  as  con- 
structed are  capable  of  carrying  and  utilizing  a  stated  (][uantity  of  water. 
1  ireiiAP  ^*  Upon  receipt  of  such  certificate  the  minister  shall  issue  a  license 
to  the  applicant  for  the  quantity  of  water  to  which  he  is  entitled,  and 
such  license  shall  ue  recorded  in  the  office  of  the  commissioner  at  Regina. 
Prinrlt  V  of  Hirht  '**^*  licensees  shall  have  priority  among  themselves  accord- 
rrioriiy  oi  rigni.    •  ^^^  ^^  |j^^  number  of  their  licenses,  so  that  each  licensee  shall 

be  entitled  to  receive  the  whole  of  the  supply  to  which  his  license  entitles  him 
before  any  licensee  whose  license  is  of  a  higher  number  has  any  claim  to  a  supply; 
fiA44iAn«A»4  /vr  j:a,..„4Ac  and  if  a  complaint  is  made  to  the  minister,  or  to  an 
settlement  or  dispntes.    ^^^^^  authorized  by  him  to  receive  such  complaints, 

that  any  licensee  is  receiving  water  from  a  source  of  supply  to  which  another 
licensee  is  entitled  by  virtue  of  priority  of  right,  and  that  the  licensee  having 
such  priority  of  right  is  not  receiving  the  supply  to  which  he  is  entitled,  some 
officer,  to  be  named  by  the  minister  or  the  officer  to  whom  complaint  is  so  made, 
as  the  case  may  be,  shall  inquire  into  the  circumstances  of  the  case,  and,  if  he 
finds  that  there  is  ground  for  the  complaint,  shall  cause  the  head  gates  of  the 
ditch  or  other  works  of  the  licensee  who  is  receiving  an  undue  supply  of  water  to 
be  closed,  so  that  the  supply  to  which  the  other  licensee  is  entitled  shall  pass  and 
flow  to  his  works. 

TiA^noAAfa    «.t«.ii4a    itmU^ii        26.  Wheu  auy  works  for  caiTyiug  watcr  are uot 
Kl?l^..LiV/I!r  L-!!?«  of  sufficient  capacity  to  carry  the  quantity  of  water 

Dy  capacit}  or  worEs.  acquired  by  their  owner,  his  exclusive  right  shall 
be  limited  to  the  quantity  which  such  ditch,  flume,  or  other  contrivance  is  capa- 
ble of  carrying;  and  in  case  of  dispute  as  to  such  quantity  the  minister  may  oraer 
an  inspection  of  the  works;  and  tne  report  and  finding  of  the  inspecting  officer 
as  to  the  capacity  thereof  shall,  for  the  purpose  of  this  section,  be  final  and 
conclusive. 

/i«.^^ii»4i^.  ^r  ii«^..o«  ««^       2^»  When  the  land  to  be  irrigated  by  the  water 
^*."I!ll*ol?"  «f  i  aJl^sthl    granted  to  a  licensee  is  land  for  which  letters  patent 
reservation  of  waterright   %^^  the  Crown  have  not  been  issued,  being  held 
in  certain  eases.  ^^    ^^xq  licensee  under  a  homestead  or  other  condi- 

tional entry  or  a  lease  in  accordance  with  the  provisions  of  the  Dominion  land 
act,  or  under  an  agreement  to  purchase  such  land,  the  license  for  «wv!\!i^^^x^c>a5^ 
be  canceled  upon  receipt  by  the  minister  oi  a  cextiiicaXift  ot  >i)cife  ^\>xv^^^«i^<s^  ^1 
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Riich  homostoad  or  other  conditional  entry,  leone,  or  Kule  afO'eement:  bnt  the  water 
ri^ht  niKresHarv  for  the  irriKHtlon  of  mirfi  land  may  Im*  renerved  for  snch  time  as 
the  minister  detennineH,  and  may  be  ditqM^sed  of,  toK^ther  with  all  works  con- 
n(H:t<Ml  therewith,  to  the  next  oi*cu]>aiit  or  pureliaHer  of  Hnch  land,  upon  such 
teniiH  and  conditionn  aH  the  minister  detennineM;  and  the  new  licenne  issued  for 
such  wat.<>r  shall  have  the  same  number  and  hold  the  same  ])riority  of  right  as 
the  original  or  cancehnl  licenw. 

Y„f»*...o4i.k»  ♦a  K«  ^m^^A^A       *••  Every  i)er8on  and  every  company  and  the 

'  /?  w -^l^Vi«i^  ?Li«^^^^^        <»ffi^-^r«  and  dlnK-torK  thereof  shall  kSoJd  to  any 

t4>  InsiMH'tlnir  enicliieer.       in«i^^.ti„^  c»ffi<rr  such  information  as  is  wlthii 

their  knowledf<ti  anclitower  in  all  mattt^rs intjuin^d  into  by  him,  and  shall  submit 
Ut  HtKrh  inHiNK*tinfc  omcer  all  plans,  8p<H'iti(*atious,  drawings,  and  documents  relat- 
ing^ to  the  coustraction.  repair,  or  state  of  reiwirs  of  the  works  or  any  portion 
thereof. 

i>«.w.r  <.r  ktu  «..4i.<.«u.'  -•  The  prcKluction  of  instnicrtionH  in  writing  signed 
I  roor  or  nis  aninorii}.    ^,y  ^^^^  minister  or  his  deputy  or  the  secretary  of  the 

dei)artim*nt  of  the  interior  shall  lie  snflflcient  evidence  of  the  authority  of  such 
inH]M*cting  officer. 

PnnaHv  f«i.  «ihaii*nn4in«r  *••  Ever\'  iM»rsou  wlio  willfully  obstructs  an  in- 
1  enalt)     for    obstructing    ^j^-cting  office  in  the  extKUtion  of  his  duty  shall 

l>e  liable,  on  sunimury  conviction,  to  a  iienalty  not 
exc<HHling  twenty  dollars,  or  tx)  imprisonTn<>nt  for  a  term  not  exceeding  two 
months,  with  or  ^vithout  hard  lalH)r.  or  to  lM)tli. 

i»»....i«.-  r«..  i.»..^i..w>..  At  •^*-  EviTviHTson  who  willfully,  without  author- 
Ppiialt>  for  Improper  dl-  ^^^.  ^,^,^^.^  clr  divms  anv  wator  from  any  river. 
>ersion  «)  aii)  person.  stVcaiii,  lake,  or  oth«*r  waters,  or  from  any  works 
authorized  undrr  tliis  act,  or  who  tak«*s  or  diviTts  therefrom  anv  gn»ater  quantity 
of  water  than  he  is  «»ntitle<l  to,  is  guilty  of  an  offence,  and  liable,  u]x)n  summary 
conviction,  to  a  fine  not  cxce<'<ling  hv*^  dollars  per  <lay  i>r  fra<'tion  of  a  day  for 
each  nnit  or  fniction  of  a  unit  of  water  inipro]M'rly  diverted,  or  to  imprisonment 
for  a  term  not  ex(reednig  tliirty  days,  or  to  iNitli.  and  upon  indictment  to  a  fine  not 
excee<ling  tiv(>  doUars  ])er  day  or  t'raetion  of  a  day  for  ea<'h  unit  or  fraction  of  a 
unit  of  water  impro]M*rly  diverted,  or  to  inii»risonment  for  a  term  not  exceeding 
thirty  days,  or  to  Inith. 

Pi^nniurikrim  »■•»»<»■•  <i  Ivor         '^**  ^'^  lic<*ns«'<«  shull  divcrt  uiorc  Water  than  the 
luu!.?i^^^^^^  qiinntity  actually  grant<Ml  ],y  his  licen.s«»,  and  any 

sioa  oi  viau  r.  licensee  so  doing  shall  Iw  guilty  of  an  offence  pun- 

ishable on  summary  conviction  by  a  tine  not  exceeding  five  dollars  \teT  day  or 
fraction  of  a  day  for  eacli  unit  or  fraction  of  a  unit  of  water  so  divertiMl. 

MiHiti'H  »M  fii  nnnntif  V  «f        ^*-   '"  ,'"*^''  "*"  *^^^l»"^**  »^  ^'^  ^^'«'  4"antity  of  water 
spuns  as  to jiuunlll)  or    .li^^.^tn.,!.  the  minister  mav  <»nler  an  insiKK^tion  of 
waieranenea.  ^j^^.  \ynr]iH  nf  the  liccn**ce*by  an  oflicer  named  ty 

him  for  that  jmriiow  and  for  th«?  purposes  of  this  srcti«»n;  the  re|M>rt  and  finding 
of  such  ofticer  as  to  the  quantity  diverted  shall  be  final  and  conclusive. 

u..^r..t4..^..     ,.r     !!..>. '^         3JI«  When  anv  licensee  abandons  or  ceases  to  use 

*  l^^    !'T     **^  i  "'«:""**  "    ..!■  w,.M.-s  anv  wat.r.  f.  wl.i.li  liis  H.-.-nsi-  entitles 
ri»riiis  uj  wiisK- «r  iiwii-    i,i,„.  .i,„i  .,„vVi,iii^'.- ..f  su.li  uliajKl.nmi.mtor  ceaii- 
•  ing  to  use  or  wasting  waste  water  is  made  to  the 

minister,  such  charge  may  Ix'  inipiinMl  intn  by  him  «»r  by  any  i)erson  or  oflicer 
ai)pointed  by  him  f«)r  that'puriiose;  and  the  minister,  if  he  deems  just  and  proper, 
mav  by  order  de<!lare  a  forfeiture  of  the  license,  and  the  licens<*  so  ordered  or 
declariMl  to  1m*  forfeited  shall  1h*  canceled  and  sliaJl  cease*  and  <letennine. 
iki^...  ..1   .  r  ...^..1...  ..-.4   «        3-1.  Anv    lic«'n>«M-  sliall  disi)ose  of  anv  surplus 

10  appiitanis.  jj^^^.^j  ^^j.  ^^^^.^^  ^^^^  ^,j^.  p,,,.^^^^,.^  authorized  to  any 

IM'rson  a] )plv ing  therefor  for  inigation  puqHries  an<l  tendering  payment  for  one 
month  in  a<lvan(re  at  the  regular  j)rices. 

PftviniMif   hv  ininlifsnf  ^'-  1*<*»'^»"^  ^'»  applying  shall    pay  an  amount  equal 

1  a}nH  ni  ny  appiic am.    ^^^  ^^^^^  ^.^^^^  ^^^^^j  exis-ns**  of  tin*  works  recpiired  toc<mvey 

the  surplus  water  to  them,  or  shall  thems4'lves  construct  such  works:  and  until 
this  is  dont^  the  delivi>ry  of  surplus  water  need  not  be  nia«le. 

i^   ^   414       r       4      4       III.        •*•  W1j<*'i   the  nec4*ssiirv   works  liave  lieen  con- 
<{uanill V  or  water  10  w  men    ^^meted  and  the  pavment'or  ten<ler  herein  provided 
applicant  is  enliuea.  ^^^^  j^^^^  ^^.^.^^  ,,^.^1,;  ^j^,.  jipplicant  shall  be  entitled 

to  the  use  of  so  much  of  the  surplus  wat^T  as  such  works  have  the  <'a]»acity  to  carry, 
T  iniiliif  i  **'  N***^""^  "*  *^"**  s<»<ttion  shall  1m*  construed  to  give  to  any  ]M!rMOii 

•    iuupiiring  the  right  to  ns4»  snr])lus  water  any  right  to  sjiid  sur]du8 
w'ttfcr  when  it  is  needed  by  the  licenstH.*  for  the  i)Urposes  authorized,  or  to  waste 
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or  sell  or  di8X)ose  thereof  after  being  used  by  him,  or  shall  prevent  the  original 

owners  from  retaking,  selling,  or  disposing  thereof  in  the  nsnal  or  customary 

manner  after  it  has  been  so  used  as  aforesaid. 

V/^<ifaAi.iniinn^fA«.  In  w^w^t^^a  ^^'  ^^  Uceusee  Undertaking  to  sell  water  con- 
flfiri?ati^^  veyed  by  his  works  shall,  sub^uent  to  the  first 

aiier  siaiea  nine.  ^^^j.  y^^^^  ^^^^^  ^^xe  construction  of  such  works  as 

are  necessary  to  convey  the  water  to  the  user,  discriminate  between  the  users  of 
such  water  regarding  the  price  thereof. 

If  aniinl V  nf  wfttpr  fa  lii«iif.       ^'  ^^  ^^^^  ^^^  ^*^^  *^®  ^^^^®  amount  of  water 
ir  supply  »[  J^ate"^  »8  m*'"-    agreed  to  be  supplied  by  a  licensee  is  not  availa- 
ncieni.  ^^^  ^j^^^  ^^^j^  ^^^^  shall  have  furnished  to  him  by 

the  licensee  so  much  water  as  shall  bear  to  the  available  water  the  same  propor- 
tion as  his  usual  supply  bears  to  the  whole  amount  agreed  to  be  furnished. 
Ppn  Altv  ^'  Any  licensee  violating  these  provisions  shall  be  guilty  of  an  offence 
renaiiy.  against  this  act  and  liable  upon  summary  conviction  to  a  fine  not 
exceeding  one  thousand  dollars  for  each  and  every  such  offence,  or  to  imprison- 
ment for  a  period  not  exceeding  two  months,  or  to  both. 

StAVflirp  of  wfitpr  *^**  ^®  minister  may  grant  to  any  licensee  the  right  to 
storage  ui  waier.    g^j.^  f^^  irrigation  purposes  during  periods  of  floods  or  high 

water,  or  during  those  portions  or  the  year  when  water  is  not  required  for  irriga- 
tion purposes,  any  water  not  being  used  during  such  i)eriods. 
YT4^tii^«4t^»  #^«  *!,«  .v»«»^c^       2.  Should  there  be  any  works  for  the  carriage  of 
^^"LV'Iluif^^wnJl"/*'''^''    waterwhicharenotbeingutilizedtotheirfullclpac. 
01  exisiing  woFKs.  .^^  ^^y  ^j^^^  owner,  and  which  can  with  advantage 

be  utilized  to  carry  the  whole  or  any  portion  of  the  water  desired  to  be  stored  any 
portion  of  the  distance  it  is  requirea  to  be  so  carried  or  conducted,  without  inter- 
fering with  the  use  made  of  the  said  works  by  their  owner,  then  the  said  works 
shall  be  placed  at  the  disposal  of  the  company  desiring  to  so  use  it;  and  if  the 
parties  can  not  agree  to  the  compensation  to  be  paid  for  such  service,  the  minister 
may  fix  the  rate  to  be  paid  therefor. 

Hfchwflvtf^roHHinips  ^^*  "^^^  person  or  company  constructing  any  works 
nigiiway  crossings,  ^^jj^ler  the  provisions  of  this  act  shall,  during  such  construc- 
tion, keep  open  for  safe  and  convenient  travel  all  public  highways  theretofore 
publicly  traveled  as  such,  when  they  are  crossed  by  such  works,  and  shall,  before 
water  is  diverted  into,  conveyed  or  stored  by  any  such  works  extending  into  or 
crossing  any  such  highway,  construct,  to  the  satisfaction  of  the  minister,  a  sub- 
stantial briage,  not  less  than  fourteen  feet  in  breadth,  with  proper  and  sufficient 
approaches  tnereto,  over  such  works;  and  every  such  bridge  and  the  approaches 
thereto  shall  be  always  thereafter  maintained  by  such  person  or  company. 
fT„i*  /vf  niAafl«i.A»tAnf  ^®»  Uwdcr  tWs  act  the  discharge  of  one  cubic  foot 
Lnii  or  measuremeni.  of  water  per  second  shall  be  the  unit  of  measurement 
of  flowing  water,  and  the  cubic  foot  or  acre-foot  the  unit  of  measurement  of 
quantity.  The  acre-foot  is  e<iuivalent  to  forty-three  thousand  five  hundred  and 
sixty  cubic  feet. 

A»»„»i  «^4^»»„  K^»^.»..»„^  39.  Companies  obtaining  a  license  under  this 
Annual  return  by  company.  ^^  gj^^^^  ^^^^  ^^^^^  ^^^  thirty-first  day  of  Janu- 
ary in  each  year,  make  a  return  to  the  minister,  attested  by  the  oath  of  its  presi- 
dent and  secretary,  for  the  year  ending  the  thirty-first  day  of  December  preceding, 
showing: 

The  amount  exx)ended  on  construction; 

The  amount  exjiended  on  repairs; 

The  amount  received  from  shareholders; 

The  amount  of  bonds  issued; 

The  amount  received  for  water  supplied  for  irrigation; 

The  amount  received  from  other  sources; 

The  amount  of  dividend  declared  and  paid; 

The  amount  of  capital  stock  authorized; 

The  amount  of  capital  stock  subscribed: 

The  amount  of  capital  stock  paid  up  to  date; 

The  amount  of  bonded  indebtedness; 

The  amount  bonds  sold  for; 

The  rate  of  interest  bonds  bear: 

The  amount  of  indebtedness  other  than  bonds,  and  the  rate  of  interest  such 
indebtedness  is  bearing: 

The  cost  of  management; 

A  statement  of  the  works,  and  their  extent  and  character; 

The  number  of  miles  of  canals,  ditches,  etc.; 

The  number  of  users; 
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Tin*  nnin]H»r  of  acrw  lU'tmilly  uu(l<»r  irrigation: 

Tli(>  iiuiiiImt  of  tu*n>s  of  irritable  land  iii  the  syHtein: 

Tlie  names  of  offleers  and  einjiloyiH'H: 

The  proiK>seil  extensions  diinnK  ensnin^  years  and  the  ac^reage  t«)  be  covered 
ther«*by: 

Such  otlwr  (hita  as  tlie  ;?ovomor  in  eouneil  H4*e8  fit  to  onler. 
r«iiv   of  bv-liiwM         '^   AttacliH  to  such  annual  return  shall  l>e  a  copy  of  the 
^"I'j  ij-iun  .    ^ly.jjj^yy,  ,,f  iijj.  foniiMiny,  showing  all  amendments  thereto 

duriTi;;  tin*  year  <*oven*<l  by  the  siiid  return. 

Exeontioii  '^'  '^'***  ''**t""*'*  r«»<iuir«Ml  by  this  stn-tion  may  U^  waived  by  the 

'         *      minister  in  tlu'  caw  of  a  private  ]M»rs<)n  sui)i)lyiiiff  water  solely  to 
himself. 

llrili^r  hv  iiiiiiiHtor  in  fimM  **••  ^^^***"  •'  complaint,  under  oath  of  thecom- 
«f  -.  ..L  .?  « I  n  f  iLVuui  l»liii»'i"t  and  of  at  least  one  witness,  is  made  to  the 
lLi.«!"'  niinister  or  the  commissioner  by  a  coiisnmer  of 

water  who  lias  ]mid  his  rat4»s.  that  a  liceiuee  who 
has  en^a^ed  or  is  under  r)bli^ation  to  suiiply  liim  with  water  in  failin^r  to  do  00,  or  Ifl 
failing  to  k(M*p  his  works  in  pro|MT  condition,  the  minister  or  some  ixTtum  or  officer 
ai)iH)int«*d  by  him  for  t)ie  iMiriMise  may  make  immediate  innuiry  ana  take  all  neoee- 
sarv  stei)K  to  ascertain  the  truth  of  the  complaint,  and.  if  h«^  contriders  the  com- 
idaint  establishiHl.  nuiy  order  and  dire<'t  that  the  licens<>e  shall  take  forthwith  sach 
action  as  he  considers  necessjiry  in  order  as  far  as  ])ossi))le  to  remove  the  caase  of 
(M)m])laint. 

i>  r  -^        4    i.wi .  ••  1^  the  licens«N'  fails  to  obey  such  order,  the  minister 

Kererenee  lo  jiiuue.  ^j^jj^  fortliwith  issue  a  certificati'  to  that  effiH^t.  reciting  aU 
tlie  facts,  which  certiticate  lH*in^  i»res<*nted  to  the  jud^e  of  the  sui^reme  court  for 
tlie  judicial  district  within  whi<'h  such  works  lie.  the  jud^^' shall  1  near  and  deter- 
mine the  matter  in  a  summary  niiinner.andsliall  <»rderthelirens4'eto]>rociH.Kl  with 
all  dis])at<*h  to  take  such  nieasun*s  as  he  considers  necessary  in  the  preuiiMHs:  and 

Kefimul    to  obev   order  of    »*«'*""^Jil'»r  ne^'lect  tooUy  any'order  made  by  a  jndge 
ICenisal    '<    <J«0    «r««r  "i    under  this  section  may  be  treated  and  punished  aa 
J  *  contempt  of  court,  and  such  other  ])r(K*tHHling8  may 

1m'  had  and  taken  thereon  as  in  the  <-ase  of  noncompliance  with  any  other  mandi^ 
tory  order  of  th«'  said  court  or  a  jutlK*'  thi-reof. 

imiilirn  unit  ion  of  f*onMiii.  '*''  The  ^jovenior  in  conn<il  may  authorize  two 
AnittlffaniaHoii^  or    <  oiiipa-    ,,j.  „j,,^.,.  ,.,,,„p.„,i,.^  ^vho>r  w..rks  are  contiffwous,  to 

"*•'*•  unite  and  form  one  company,  with  a  view  to  pn^ 

vidinjif  increaHMl  water  suj)ply  and  extending;  tlieir  works,  when  he  is  siitisfied  that 
the  holders  of  more  than  fifty  per  cent  of  the  ca]»ital  st(M*k  of  (*ach  company  are  in 
favor  of  tlieunioTi.  that  users  dependent  uiM>nt)ie  water  supply  will  not  Iteinjnredt 
and  that  the  companies  to  )n'  united  have  the  nef(>^sary  financial  means  for  carry- 
ing out  the  pro|H)S4rd  un(h>rtakin<;.  the  same  particulars  Inmu^  furnish(*d  to  tne 
j<ov<*rnor  in  council  as  are  required  to  1n>  furnished  uoon  an  a]>]>liration  for  authori- 
sation to  <'onstruct  works  under  this  a<'t:  an<l  j>ublic  notice  of  t hi >  authorization 
of  the  united  companies  and  their  proi>osed  works  >Iial1  1ie;;iven  in  the  niunner 
linfscrilx'd  in  the  case  of  an  a])plication  under  section  fifteen. 
^,    ,  4        ....    I     ..  1^«  The  minister  or  an  von  I' specially  authorized 

iJlinl.Hter    ma}    Issue    sum.    i,y  him  may.  when  he  de<'nis  it  ne<v.ssjiry  for  the 
'"**"^*  .Slit  i  sf  act  or  y  rallying;  out  of  the  provisiouH  of  this 

act  or  the  re^^ulatioTis  to  be  framed  under  it.  summon  bet'c»re  him  any  iH'rsfm  by 
subptena.  examine  such  person  under  oatli.  and  <-onipi'1  the  ])roduction  of  ]iaper8 

IVniilfv  fiir  <liunlieviiiL>-  it  and  writ in;;s:  and  for  ne-lect  to  obey  smdi  summons 
lenalt}  For  <llsot)e.uinr  It.  ,,r  refusal  to  ^ive  evidence,  or  to  ],roduce  the  i^pera 
or  writiuf^s  demandiMl  of  him.  the  minister  or  the  ]»erson  autliorizeil  may.  by  war- 
rant under  his  liand.  order  the  p4*rson  in  <lefault  to  ))<•  iiM])risor)ed  in  the  nearest 
common  jail  as  for  contemi»t  of  court,  for  a  ])eriod  not  ex<'erdin;^  fourteeinlays. 

iiiifi.fn  tviiiki.i  iiniiliivifiinniv  ^^^  ^^^^  atlida vits, (.atlis.  solemn  declarations, or 
Before  nlioi  i  anida^ltHiiiaj     .^ftii.„j,,tions  n.iuired  to  U-  taken  under  this  act  or 

any  retaliations  made  thereunder,  may  1h*  taken 
iH'fore  any  agent  authorised  under  this  act,  a  Dominiim  lan<ls  aj^ent  or  officer,  or 
any  jxTsohs  .s]MM'ially  authorized  by  the  minister  tfi  take  tliem,  (►r  any  other  per- 
sons authorized  to  take  affida\itsin  the  North we.st  Territories:  and  theminiHter 
may  recpiin*  any  .stntenient< 'ailed  for  und<'r  this  act,  or  under  any  such  repilation, 
to  be  verified  by  oath,  affidavit,  affirmation,  or  declaration. 

iflnliit.tf    iiiiiv    ikfiinr    uiir         ^■*»  Thc niiuistcr uuiy taki- sucli sti'])sashe decms 

niiiiisifr    iiiaj    V,    *^'^    *"^"    n«'<'(.ssiiry  at  any  time  to  secure  a  <dmplete  or  par- 

>ej», eie.  ^j^^j  ^i^vey  of  the  .sources  of  the  water  sup])ly  for 

irri^^atirui  and  other  pui*i)oses.  with  an  estimate  of  the  extent  and  hK'ation  of 

irri^Hhlo  IhiuIh,  and  of  tlie  site  or  sites  sm\a\Ae  \\>t  \ha\vV,\av'*\\\^.  vv\vv\tv>w\\v>j«% 
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for  water  storage,  and  may  reserve  lands  forming  such  sites  from  general  sale 
and  settlement  and  dispose  thereof  by  sale  or  lease  to  be  utilized  for  purposes 
within  the  purview  of  this  act.  He  may  also  take  such  steps  as  he  thinks  necessary 
to  j}rotect  file  sources  of  water  supply  and  to  prevent  any  act  likely  to  diminish 
or  injure  the  said  supply. 

If  ln-h.wAf  Pr  marks  annl  vsi<t  ^  *•  "^^^  minister  may  from  time  to  time  author- 
liign-waier  marKS,  ana  ^^  ^^^  establishing  in  rivers,  streams,  lakes,  and 

'  other  waters,  water   gauges   for  computing  the 

approximate  volume  and  discharge  of  waters,  the  placing  of  high- water  marks 

on  rivers  and  streams,  lakes  and  other  waters  when  in  flood,  the  taking  of 

stei)s  for  securing  analyses  of  the  water  of  rivers,  streams,  lakes,  and  other 

waters,  and  the  adopting  of  such  other  measures  and  proceedings  for  promoting 

the  beneficial  use  of  water,  and  for  controlling  and  regulating  the  diversion  ana 

the  application  thereof  as  he  finds  necessary  and  expcnlient  and  as  are  consistent 

with  tne  provisions  of  this  act. 

x*«»..»»«i«4s^»  ^r  ,»^«iro  K..  41®-  The  governor  in  council  may,  if  in  the  pub- 
Ixpropriation  of  works  by    j.^  ^^^^^^^  f^  ^^  ^^  ^^^  ^-^^  deemed  advisable  m  to 

^  do,  take  over  and  operate  or  otherwise  dispose  of 

Proviso     *^®  works  of  any  licensee  authorized  under  this  act:  Promdea,  That 

compensation  shall  be  paid  for  such  works  at  their  value — such  value 
to  be  ascertained  by  reference  to  the  exchequer  court,  or  by  arbitration,  one 
arbitrator  to  be  appointed  by  the  governor  in  council,  the  second  by  the  owner  of 
the  works  to  be  taken  over,  and  the  third  by  the  two  so  appointed,  or  in  case 
these  can  not  agree  as  to  the  third  arbitrator,  by  the  exchequer  court — and  that 
in  estimating  such  value  the  court  or  the  arbitrators  may  take  into  account  the 
exx)enditure  of  the  company  and  interest  on  such  expenditure,  and  the  value  of 
Proviso     ^*^  property,  works,  and  business:  Proxnded  also.  That  no  person  who 

at  such  date  is  using  the  water  of  the  said  works  shall  be  deprived  of 
Proviso     ^      quantity  of  water  he  is  entitled  to:  Provided  further.  That  in  any 

such  case  the  governor  in  council  shall  have  due  regard  to  the  claims 
to  consideration  of  any  persons  who  have  prepared  or  have  in  course  of  prepara- 
tion any  land  to  be  supplied  with  water  by  the  works  taken  over. 

-Rv  lawa  «f  AAni«%an«'  ^^ •  The  by-la ws  aud  regulatious  of  companies  operat- 
jf y-iaw8  or  eompan} .    ^^^  ^^^^^  ^-^^^  ^^  ^^^yi  not  contain  anything  contrary  to 

the  true  intent  and  meaning  of  this  act,  and  shall  be  subject  to  revision  and 
approval  by  the  governor  in  council;  and  no  tariff  ot  charges  for  water  furnished 
by  any  company  shall  come  into  operation  until  it  has  been  approved  by  the 
governor  in  council. 

Aeneral  iiowersof  mlnUfpr         «!•  The  minister  may— 
weneraipowersorminister.  Yy^fine  the  manner  in  which  the  measure  of 

water  shall  be  arrived  at; 

Define  the  duty  of  water  according  to  locality  and  soil; 

Define  the  portion  of  the  year  during  which  water  shall  be  supplied  for  irri- 
gation: 

Fix  the  fee  or  charge  to  be  paid  for  licenses  issued  under  this  act,  which  fees 
or  charges  may  be  varied  according  to  the  capital  employed  or  volume  of  water 
diverted; 

Regulate  the  extent  of  diversion  from  rivers,  streams,  lakes,  or  other  waters; 

Regulate  the  passage  of  logs,  timber,  and  other  products  of  the  forests  through 
or  over  any  dams  or  other  works  erecteil  in  rivers,  streams,  lakes,  and  other  waters 
under  the  authority  of  this  act; 

Regulate  from  time  to  time  the  water  rates  which  may  be  charged  by  licensees, 
and  the  publication  of  tariffs  of  rates; 

Prescribe  forms  to  be  used  in  proceedings  under  this  act; 

Impose  penalties  for  violations  of  any  regulation  made  under  the  authority  of 
this  act,  wnich  penalties  shall  in  no  case  exceed  a  fine  of  two  hundred  dollars  or 
three  months'  imprisonment,  or  both; 

Reflate  the  manner  in  which  water  is  to  be  supplied  to  persons  entitled  thereto, 
whether  continuously  or  at  stated  intervals,  or  under  both  systems 

Authorize  some  person  or  officer,  whose  decision  shall  be  final  and  without 
appeal,  to  decide  in  cases  of  dispute  as  to  what  constitutes  surplus  water  as  men- 
tioned in  this  act: 

Make  such  orders  as  are  deemed  necessary,  from  time  to  time,  to  carry  out  the 
provisions  of  this  act  according  to  their  true  intent,  or  to  meet  any  cases  which 
arise  and  for  which  no  provision  is  made  in  this  act;  and  further,  make  any  regu- 
lations which  are  considered  necessary  to  give  the  provisions  of  this  act  full  effect. 

i>nKii/.aii4^n  A#«.A»..ia4i^..a  <52«  AH  regulatious  made  and  forms  prescribed 
Publication  of  regulations,    ^y  ^^^  minister  under  tYvia  «.c\,  ^V^\\\.^  ^^\.\x^V^Vx^ 

the  Canada  Oazette  and  shall  be  laid  before  \M>t\\Yvo\iB.e%oll?«.T\\"Bk^»c^^^ 
£r8t  nfteen  days  of  the  session  next  after  tYie  date  WieTeoi. 
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A^^ii«»4i..»  ^f  0^4  4^.  ^AH.         **•  Any  companiw  already  formed  to  promote 

^^lin^in  now  ox^^^^^^^^  irriKtttioi, ^hall  W  Hubject  to'all  the  prov&ons  of 

panieM  now  exiMiin?.  ^y^^^  ^,^  except  so  far  afl  the  powers  mentioned  in 

WH'tion  forty-ei|jfht  an*  concomed. 

Fxoiiiiithin         *'*'  '^^^^  provi»i<)n«  of  M^ctioiiH  forty-one,  forty-eight,  and  forty- 
■         •    niiM'  ot  this  a^'t  Hhall  not  Hpplj'  to  any  irriKation  district  incorporated 
nn<lcr  an  ordinantre  of  the  Nf>rthweHt  TemtorieH. 

I*  I  f1 5.  Tlie  N« )rth wi»»t  irriKation  m*t ,  lieinK  <'hapter  thirty  of  the  atatntes 
ne|Mai.  ^^^  H^htron  hnndre<l  and  ninety-four,  and  chapter  thirty-three  of  the 
statute's  of  eighteen  hundnnl  and  ninety-five,  in  amendment  thereof,  are  herelqr 
rep<*aled. 


WATER-RIQHT  FORMS   USED  IH    NORTHWEST  TERRIT0RIB8    OF 

CANADA. 

RpKnlAtioiiN  for  tlu'  mt^aAnromont  and  w^*  nt  wat(>r.  tho  dirnKwal  of  roHorvoIr  Rites  and  right  of 
way  for  irrii^tion  works,  the  rHtuliliHhintmt  of  trau^f  nHlH  in  Htrt*amMaml  In  rHting  flames  of 
irri^tion  <'HnalH  ami  ditrh«^.  and  thi>  lic(>nH<*  and  (V'rtiflcat*^!  to  In*  iHtiuod,  approved  by  his 
4'Xi.*ollen(.*y  the  t^ovt'ruor-Kt'ncnil  in  <>oun(*il  on  th<i  iSitth  day  of  April,  IHUS. 

MKASrRKMKNT  «>F   WATER. 

Skction  1.  The  measnrenii*nt  of  tht*  dis<*liarKe  «>f  any  .stream,  made  for  the  pnr- 
pos(>s  of  determining  the  (luantity  <»f  water  available  for  litrenw^s.  anthorizinjyc  the 
diversion  nf  watrr  therefrom,  or  to  wttlr  disputes  betwe«?n  the  holders  of  anch 
li(.M*iis4»s.  sliall  b«*  rffect«*d  as  loUnws: 

Th«*  arra  of  tbr  actual  wat<T  cross  sit'tion,  at  time  of  mpasnrement.  shall  be  deter- 
min(>(l  by  (rarcfnl  measurement  of  ili(>  total  width  of  stream.  »nd  by  HOiindinf(8 
under  tbe  line  <if  cn»ss  section  at  sufficiently  fretjuent  intervals  to  i^ive  a  close 
approximation  of  tlie  contour  of  bottom  of  the  stream. 

Tlie  vehnrity  of  t)i«*  stri'aui  shall  1h»  determined  by  measun^ment  with  any 
ajiproved  make  of  <-urrent  lueter,  which  nmst  havi'  Imn'u  ]>revi«msly  rated  at  the 
ffoveniment  ratiuK  staliim  at  C'alpiry,  thew  measurements  lK>in^  taken  at  anch 
intervals  alom;  the  line  of  cross  se<'t.ion  as  will  enable  tlie  vebK'ity  tt>  1k»  determined 
for  each  subse<*tion  lM'twi*en  soundings. 

In  stii'ams  of  not  more  than  three  fe«»t  in  depth  surface  and  lK>ttom  velocities 
must  be  measured,  or  the  ineterinay  be  uiovimI  sli»wly.  during  tniieof  (d>servation, 
from  bottom  to  toi)  and  vice  versa.  In  streams  of  mi»re  than  thnM»  fw»t  in  depth, 
middepth  readinj^s  df  current  meter  may  Ih*  taken.  th«*  resulting  discharge  liein^ 
correcti'il  bv  ne<'<»s.sarv  fa<"tor  for  vel<K*iti<'s  thus  determined. 

(r/)  The  flow  of  water  intti  any  irrigation  ditch  or  canal  shall  1m'  determined  by 
<'areful  nieasuremi*ntof  the<'rosssei'tion  of  tlie  rat  in;^  flume,  const  rue  ted  as  herein- 
after pnjvided.  and  of  the  velcM'ity  by  current  meter  of  the  water  flowiuK  therein, 
at  extreme  low  water.  hi;^h  water. and  tlood-di^'harire  stages  of  water  in  the  iM>nrce 
of  sui)ply,  these  heij^lits  of  wat<T  beinjr  fixed  by  the  marking  on  the  Kail{^  rod 
p1ace<l  in  t he  sjiid  rat inj^  flume  <»f  .such  ditch  or  canal.  ashereinafter])rovided.  The 
flow  of  water  between  low,  hi;<h.  an<l  ff<M)d  .staj;»'*<of  wat«'r  shall  be  determincMi  by 
a  table  showin;^  fh»w  of  water  at  these  heij^hts.  and  for  each  mx  inches  marked  on 
the  j^au^e  rod.  whi<'h  table,  in  the  fnrm  (d"  a  certiticate,  si^^ned  by  the  insiiectin^ 
officer,  shall  be  issni'd  for  each  ditch  or  canal,  and  shall  accompany  the  license 
hereinafter  ]>rovided  for. 

{ff)  TIh"  quantity  cd'  water  supplied  t«»  consumers  by  any  person  or  company 
havim;  a  license  for  the  use  nf -watiT  for  irrigation  shall  b«'  measured  by  water 
m«*ter,  nn'asurin;;  flume,  measuring  weir,  spill  box,  or  any  otin'r  device  for  the 
measurement  <d  the  wat<T,  but  su<di  water  meter,  measuring,'  flume.  metiHurin^ 
weir,  spill  Iwix.or  <dher  devi<'e  must  be  first  approved  and  >anctione<l  by  the  min- 
ister of  tlH'interior.or  by  someofHcerapiwdnted  bvhim,  who  shall  i^sue  a  certificate 
authorizing  tin?  iM»r.son  or  company  to  tise  .such  device. 

(c)  The  volume  of  wat«T  in  any  lake.  pond,  or  reservoir,  or  other  l)ody  of  Htill 
water,  shall  be  measured  by  careful  survey  of  the  outline  of  such  body  of  water  to 
determine  its  suiH-rficial  area,  and  mett-surenient  (►f  the  d<'i»th  of  water  at  Knffi- 
ciently  fnMpient  intervals  to  ^ive  a  corre<'t  contour  of  the  bottom  of  .sucrh  lake, 
l)ond,  or  reservoir,  so  that  the  cont<*nts  thereof  may  In-  accurattdy  calculated.  The 
now  of  wat<»r  into  or  cmt  of  any  reservoir  shall  Im*  measured  by  iletermination  of 
the  area  nf  the  cross  si.'ction  of  channel  of  infl<»w  or  di.s<diarj;e  and  of  the  velocity 
of  the  water  tiowin^;  therein  ])y  eun*ent  meter. 

/r/)  The  di.s<'harK«*  of  «])rinf<  shall  1m*  determined  by  causing  all  the  water  flow- 
I'jjf^  tliercfrom  to  di.se harge  intoaveswl  or  reservoir  i^t  VA\ovj\viHA\\v»\\\v..\sA\Cv\v^vC«v5^ 
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the  time  taken  to  fill  such  vessel  or  resei-voir,  or  by  measurement  of  cross  section 
of  the  channel  carrying  flow  of  snch  spring,  as  near  as  possible  to  its  head,  and 
determination  of  velocity  of  flow  therein  with  current  meter. 

m 

DUTY   OF  WATER. 

Sec.  2.  The  duty  of  water,  or  the  ratio  between  a  given  quantity  of  water  and 
the  amount  of  land  it  will  irrigate,  shall  be  one  hundred  acres  for  each  cubic  foot 
of  water  per  second  flowing  constantly  during  the  irrigation  season,  and  all  appli- 
cations for  water  to  irrigate  anv  given  area,  and  the  division  of  the  avaiiaole 
water  supply  among  applicants  therefor,  shall  be  made  uxK)n  the  basis  of  this  duty 
of  water. 

LICENSES. 

Sec.  3.  Whenever  any  company  or  person,  applying  for  a  license  or  authoriza- 
tion under  the  provisions  of  the  act,  has  complied  with  all  the  requirements 
thereof,  and  has  completed  the  construction  of  the  works  authorized,  an  inspec- 
tion of  the  works  shall  be  made  by  an  officer  named  by  the  minister,  who  snail 
determine  the  capacity  of  such  works  and  certify  that  they  have  been  completed 
in  accordance  with  the  provisions  of  the  act. 

(a)  Upon  receipt  of  such  certificate,  and  of  a  fee  of  ten  dollars,  to  be  paid  bv 
the  compan  V  or  person  constructing  such  works,  the  minister  of  the  interior  shall 
issue  to  sucn  company  or  person  a  license  in  the  form  given  in  the  schedule  hereto, 
which  license  shall  ble  registered  by  the  company  or  person  to  whom  it  is  issued 
in  the  registry  office  in  and  for  the  district  within  which  the  lands  affected  by  the 
system  covered  by  such  license  are  situated,  by  producing  the  same,  or  an  exem- 
plification thereof,  to  the  registrar,  with  a  true  copy,  sworn  to  by  any  person  who 
nas  compared  the  same  with  the  original,  and  the  copy  shall  be  filed  with  the 
registrar. 

RATING  FLUME  AND  GAUOE  RODS. 

Sec.  4.  Every  irrigation  ditch  or  canal  shall  be  provided  by  the  owners  thereof 
with  a  rating  flume,  which  is  to  be  constructed  in  the  ditch  or  canal  not  less  than 
one  hundred  nor  more  than  eight  hundred  feet  between  the  head  gate  thereof, 
such  flume  to  be  built  in  accordance  with  plans  approved  by  some  officer  appointed 
by  the  minister. 

(a)  Every  rating  flume  shall  be  provided  with  a  gauge  rod.  which  is  to  be  placed  % 
on  the  side  at  the  center  of  such  flume.  The  gauge  rod  shall  be  two  inches  in 
thickness  and  three  inches  wide,  painted  white,  with  heights  above  the  floor  of 
the  rating  flume  clearly  marked  thereon  in  feet  and  tenths  of  a  foot  with  black 
lines  and  figures.  The  height  of  low  water,  high  water,  and  flood  stage  of  water 
shall  be  shown  on  the  gauge  rod  at  elevations  to  correspond  with  the  marking  of 
these  stages  of  water  on  the  government  gauge  rod  placed  in  the  stream  from 
which  water  is  taken  for  such  ditch  or  canal. 

government  gauge   RODS. 

Sec.  5.  The  minister  may  authorize  some  officer  to  place  a  gauge  rod.  or  rods, 
in  all  streams  or  reservoirs  used  as  a  source  of  supply  for  irrigation  ditches  or 
canals.  The  gauge  rod,  or  rods,  are  to  be  pemianently  placed  at  some  point  for 
convenient  reference,  and  clearly  marked,  so  that  the  rise  or  fall  of  water  in  such 
stream  or  reservoir  can  be  readily  noted  therefrom.  The  height  of  low  water, 
high  water,  and  flood  water  shall  be  designated  on  the  ri>d  with  special  marks 
and  lettering,  so  that  these  stages  of  water  may  be  apparent  by  insjiection. 

reservoir  sites. 

Sec.  6.  The  lands  forming  sites  suitable  for  ponds,  basins,  and  reservoirs,  which 
have  been  reserved  from  general  sale  and  settlement,  may  be  leased  to  any  com- 
pany or  person  applying  therefor  who  have  satisfied  the  minister  of  their  or  his 
ability  to  construct  the  works  necessary  to  utilize  the  proposed  site  for  the  storage 
of  water  and  the  beneficial  use  of  the  same  in  irrigation. 

(a)  The  lease  shall  be  for  one  year,  with  privilege  of  renewal  from  year  to 
year,  provided  the  lessee  continues  to  use  the  lands  For  the  purxx>ses  mentioned, 
and  complies  witli  all  the  provisions  of  the  irrigation  act. 

(6)  The  rental  to  be  paid  for  lands  leased  for  reftervoix  -^wr^^'^"*  ^'bS^.X^  <5fc«i 
cent  per  acre  per  annum,  payable  upon  t\ie  ftxsl  (Xa^  ol  '&o^^\s^i^x\\v*i'8kK>Q>  ^«c^^ 
every  year. 


(v)  SbonW  the  lesse*?  at  any  tiino  cfast*  to  !!«<»  th«»  landn  for  the  purposes  men-  , 
tioiKMl.  thv  U'aH(*  shall  )m*  caneclhMl  and  tho  lands  iHH-onie  availaYile  fnr  lease  to 
any  a])i)li(!ant  tlierofor  wlio  shall  have  siitistied  the  minister  of  his  ability  to 
utilize  the  lands  fiir  tlie  Iwneficial  storage  of  water. 

KIUHT  OF   WAY. 

Se<.'.  7.  The  right  of  way  for  any  irrigation  ditch  or  canal,  or  for  the  works 
connerte<l  therewith,  tliroiigh  any  and  all  lands,  t)ie  title  to  which  is  vested  in 
the  Crown,  as  shown  by  the  tdans  and  lHM>ks  of  reference  filtHl  in  the  deiNirtment 
of  the  interior  and  approviMl  by  the  snrvevor-general,  may  1h'  grantcnl  to  the  com- 
pany or  iH>rH4m  constructing  such  irrigation  ditch,  canal,  or  works  in  connection 
therewith  free  of  charge. 


Si'hftiiUt'.     h\tnu  it/ lirt'tisf.     I h'jutrtmt'iit  of  thr  Interior. 

[Coat  (^f  anus.  J 

Licenw  No. .     Source  of  sup])ly .     First  issunl . 

Know  all  men  by  these  i)n  s«*nts.  that  by  virtue  of  the  autln)ritv  vested  in  me 

by  the  Northwest  irrigation  act,  I. ,  minister  of  tJio  interior  of 

Canada,  do  hereby  grunt  unto ,  hereinatt«*r  <-alled  the  licrensee. 

executors  and  administrators,  full  right,  jM»wer.and  lic«'ns«'.  subjwt  to  the  condi- 
ti(ms  and  re.stri<*tions  ccmtaini'd  in  tlie  Nortliwest  irrigatitm  act,  to  divert  from 
the  the  following  quantity  of  water,  for  us««  in  the system  con- 
structed by ,  and  as  shown  by  applicatiini  of  the  licens<'e  and  by  the  plans 

of  tlie  same,  dated  the and  Aled  in  the  dejKirtment  of  the  intt»rior  and  in 

the  registry  office  in  and  for  .and  authorized  by  order  in  coimcil  dated 

,  1H1> — .  that  is  to  say:  At  AjkhI  Irvel. cubic  feet  ]M'r  wcond;  at  high 

water. cubic  feet  ]M»r  wcond:  at  low  water. cubic  feet  jht  wH'ond;  and 

to  take  and  kee])  ]M»s.»<e.ssi(m  of  the  said  quantity  of  water  for  and  during  the 
TM'riod  during  whidi  this  license  may  !«•  in  forc«'  undi-r  thi*  provisitms  of  the 
Nortnwest  iriigation  act. 

But  tliis  license*  sliall  Ix*  subject  to  th<'  f<»llowing  conditions,  viz: 

1.  That  the  license?  shall  only  come  into  force  and  i'tfect  after  it  has  lK4»n  regis- 
tered by  tlie  licens«»«*  in  the  registry  office  in  and  for  the . 

2.  That  the])eri(Ml  of  tlo<Mldischargi>.IiigIi  wattM'and  low  water  in  the  said 

shall  Ik.*  fixed  and  determined  by  the  niiirking  on  the  gauge  rod  placed  in  the  said 
str<*am  by  the  department  of  th«'  intenor. 

'i.  That  this  license  sliall  Im*  subject  ti»  forfeiture,  as  ]»rovided  by  thi»  Northwest 
irrigation  act. 

4.  That  this  license  can  only  be  assigned  or  transtVri'ed  by  approval  of  the  min- 
ister of  the  interior  and  by  using  the  form  printcil  mi  the  back  thereof,  and  that 
su<'h  transf<»r  must  Im*  nn'ordrd  in  tln"  depart iiK'iit  of  tin*  interior  and  in  Uic regis- 
try office  in  and  for  In'fore  a  new  licence  will   Im*  issued  in  name  of 

transferee. 

Dati'd  at  Ottawa,  this    day  of om-  thousand  eight  hundred  and 

ninetv  — . 

Witness: 


Ih'puft/  Minisft  r  nf  fin'  Interior. 

.     Licens*'  No. .     Source  of  su])]>ly. .     Tlii*  minister  of  the  interior 

to .     Liceiisi*  to  divert  water  for  — fnnii .     Recorded 

in . 


Tnnist'rr. 


for  and  in  consideration  of  the  sum  of dollars  to in 

hand  juiid  (th«'  re<-eipt  where<if  is  lu'reby  acknowledged),  do  hereby  si-U.  transfer, 

and  niak<'  ov<t  to ,  ex<M'ntors  and  administrators,  all  iny  right,  title, 

and  inteivst  of  in  and  to  the  license  within  <.*ontained. 

In  witness  whereof  I  have  hereunto  set  mv  hand  at  this day  of 

,  l>:m— . 


Witness: 


77 

Memorial  filed  in  ttccordance  with  jtroi^isions  of  nection  —  of  the  Northxcest  irriga- 
tion act. 

The  memorial  of .  of  section ,  township  ,  range ,  west 

of  the meridian,  in  the  district  of ,  sheweth: 

1.  That  tl^  name — and  residence — of  the  memorialist — are  set  forth  above, 
and  that  -^^.iKNmpation and post-oflfice  address  is 


2.  That  flmfmnorialist —  ask —  for  authority  under  the  i)rovision8  of  the  North- 
west irrigvllon  act  to  divert  from ,  on  the ,  quarter  of  section ,  in 

township ,  ranee ,  west  of  the meridian, cubic  feet  of  water  per 

second  to  be  uiaed  for purposes  on  the  following  lands,  viz, ,  and  com- 
prising a  total  aorea^^e  of acres,  and  to  construct  the  necessary  works  lo 

enable  the  water  so  diverted  to  be  used  for  the  said puri)oses. 

3.  That  the  works  proposed  to  be  constructed  consist  of ,  and  the  loca- 
tion of  and  proposed  method  of  constructing  these  works  are  shown  on  the  maps, 
plans^rofiles,  and  specifications  accompanying  this  memorial. 

4.  That  the  financial  standing  of  the  memorialist —  is  as  follows:  ,  and 

that  the  probable  exi)enditure  necessary  to  complete  the  proposed  works  will  not 
exceeds- — . 

5.  That  the  extent  of  settlement  along  or  in  the  vicinity  of  the  said is 

residents. 


6.  That  the  probable  number  of  the  consumers  of  the  water  to  be  diverted  is 


7.  That  the  character  of  the  land  u^wn  which  the  water  is  to  be  used  is 


and  the  value  of  such  land  in  its  present  condition,  with  improvements,  is  $ 

per  acre. 

To . 

Dated  at , .  18U-. 

Certified  a  true  copy  of  the  memorial  filed  with  the ,  this day  of 

,  1»9— . 


Chief  Invpector. 


,  J 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  AaBicuLTUEE, 

Office  of  Experiment  Stations, 

Washington,  D.  0.,  June  28, 1899. 

Sir:  I  have  the  honor  to  transmit  herewith  two  papers  on  water- 
right  problems  of  the  Bear  River,  which  runs  through  Wyoming,  Utah, 
and  Idaho,  prepared  in  accordance  with  instructions  from  this  Office 
under  the  direction  of  Prof.  El  wood  Mead,  expert  in  charge  of  irriga- 
tion investigations.  The  first  paper,  by  Clarence  T.  Johnston,  assistant 
in  irrigation  investigations,  deals  with  the  water  supply  of  Bear  Eiver 
and  its  diversion,  and  the  second,  by  Joseph  A.  Breckons,  discusses 
interstate  water  rights  in  Bear  River. 

These  papers  were  prepared  in  pursuance  of  the  purpose  of  the  Office 
to  inaugurate  its  study  of  the  irrigation  question  by  the  collation  and 
publication  of  information  regarding  the  actual  status  of  irrigation  in 
the  arid  regions  as  regards  laws,  institutions,  etc.  Two  bulletins  bear- 
ing upon  this  phase  of  the  subject  have  already  been  published,  one 
(No.  58)  discussing  water  rights  on  the  Missouri  River  and  its  tributa- 
ries, the  other  (No.  60)  giving  an  abstract  of  the  State  laws  governing 
the  appropriation  of  water  from  the  same  streams,  with  the  legal  forms 
in  use  in  the  several  States  forming  the  basin  of  the  Missouri  River. 

Since  few  of  the  more  important  streams  used  for  irrigation  lie  wholly 
within  the  limits  of  any  one  State,  and  there  is  great  diversity  of  irri- 
gation laws  in  different  States,  interstate  complications  over  water 
rights  have  been  frequent,  and  must  become  more  frequent  and  more 
acute  as  the  demand  for  water  increases,  unless  some  mode  of  settle- 
ment is  devised. 

The  present  bulletin  is  largely  a  statement  of  these  interstate  ques- 
tions as  illustrated  in  the  Bear  River  Valley.  This  river  was  chosen  for 
study  because  in  its  course  of  a  little  over  300  miles  it  crosses  State 
lines  (Wyoming,  Idaho,  and  Utah)  five  times,  finally  emptying  into  Salt 
Lake,  which  is  less  than  50  miles  distant  from  its  source,  thus  present- 
ing in  small  compass  a  great  variety  of  interstate  problems,  and  offering 
exceptional  opportunities  for  the  inauguration  of  this  class  of  inquiries. 

The  bulletin  is  respectfully  submitted,  with  the  recommendation  that 

it  be  published  as  Bulletin  No.  70  of  this  Office. 

Respectfully,  A.  C.  True, 

Director, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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LETTER  OF  SUBMITTAL 


TJ.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

Irrigation  Investigations, 

Cheyenne,  Wyo.,  June  15, 1899. 

Sir:  I  have  the  hoDor  to  sabmit  herewith  a  discassion  of  the 
"  Water-right  problems  of  Bear  Eiver,"  by  Clarence  T.  Johnston  and 
Joseph  A.  Breckons. 

The  underlying  purpose  of  this  bulletin  is  to  present  some  of  the 
water-right  complications  of  interstate  streams.  Bear  Eiver  exhibits 
an  unusual  number  of  these  in  concrete  form.  A  simple  statement  of 
its  conditions  brings  out  more  clearly  than  any  abstract  discussion  the 
problems  which  a  disregard  of  drainage  lines  in  the  establishment  of 
State  boundaries  has  created. 

For  the  past  ten  years  people  in  Wyoming  who  use  water  from  this 
river  for  purposes  of  irrigation  have  been  clamoring  for  an  establish- 
ment and  protection  of  their  rights  according  to  the  State  laws.  They 
have  complied  with  its  terms,  paid  the  recording  fees,  made  and  filed 
maps  to  show  the  location  of  ditches  and  land  reclaimed;  but  all  to 
no  purpose.  The  man  who  has  paid  no  attention  to  the  State  irriga 
tion  code  fares  as  well  as  the  one  who  has  fulfilled  all  its  requirements. 
The  State  irrigation  authorities  have  determined  the  priorities  and 
amounts  of  appropriations  on  contiguous  State  streams,  and  water 
commissioners  protect  these  in  times  of  scarcity.  They  can  do  nothing 
for  the  irrigators  along  Bear  River.  So  far  as  practical  results  are  con- 
cerned the  State  laws  do  not  apply.  It  is  useless  to  determine  priorities 
of  ditches  wholly  within  the  State,  when  later  ones  with  head  gates 
across  the  border  in  Utah  can  not  be  closed  because  the  water  commis- 
sioner's authority  does  not  extend  that  far.  To  close  down  the  ditches 
around  Evanston,  Wyo.,  would  not  add  to  the  water  supply  of  the  earlier 
Wyoming  appropriators  35  miles  north  of  there;  it  would  simply  raise 
the  water  level  of  the  Utah  ditches  which  irrigate  Woodruff  Flats.  A 
determination  of  priorities  along  two  sections  of  a  stream,  with  an  inter- 
vening section  left  undisturbed,  would  accomplish  no  useful  purpose; 
hence  the  Wyoming  irrigation  authorities  have  delayed  an  adjudica- 
tion until  some  provision  is  made  for  including  head  gates  on  the  Utah 
as  well  as  on  the  Wyoming  side  of  the  boundary.  Nor  is  the  plight  of 
Utah  irrigators  in  the  Woodruff  Valley  any  moT^  «»«h\AsS»fc\«r5  •    fei.^'Os^^ 


Yellow  Greek  and  Hilliard  ditcbes  in  Wyoming  are  extended  they 
later  rigbts  taking  more  and  more  of  their  water  sapply,  and  while 
both  States  recognize  the  superior  claim  of  a  prior  user,  lack  of  con- 
certed action  causes  his  claim  to  be  ignored. 

It  is  unfortunate  that  the  future  importance  of  irrigation  was  not  ree 
ognized  when  State  boundaries  were  being  established.  A  chaufi^e  of 
500  square  miles  either  way  would  have  disposed  of  the  interstate  ptch- 
lems  of  Bear  Biver.  It  would  have  thrown  all  the  controverted  portfon 
of  the  stream  into  either  Utah  or  Wyoming.  There  are  scores  of  similar 
instances  along  the  boundaries  of  these  and  other  arid  States.  The 
re-forming  of  these  boundaries  is  now  practically  out  of  the  qaeatioiiy 
but  the  enactment  by  the  di£ferent  States  of  uniform  irrigation  laws, 
and  the  entering  into  amicable  agreements  for  the  protection  of  irri* 
gators'  rights,  are  not  only  possible,  but  ought  to  be  among  the  early 
results  of  the  evolution  now  taking  place. 

The  most  efifective  means  of  promoting  this  is  to  study  and  give  pub- 
licity to  the  facts.    The  discussion  by  Mr.  Breckons  of  the  change  in 
property  rights  in  this  river  the  moment  its  waters  cross  an  invisible 
barrier  can  scarcely  fail  to  lead  in  the  near  future  to  a  less  violent  dif-    * 
ference  in  the  laws  which  govern  these  rights. 

The  description  of  physical  conditions  by  Mr.  Johnston  will  have  a 

local  value  in  relieving  anxiety  on  the  lower  part  of  the  river  by  shoir- 

ing  that  there  is  no  danger  of  diversions  above  creating  a  disastroas 

scarcity  below;  in  removing  the  interstate  jealousy  by  showing  that 

the  contribution  of  each  State  to  the  river's  supply  has  an  approximate 

relation  to  the  ultimate  use  in  that  State;  and  by  showing  that  relief 

from  existing  evils  can  be  had  by  improving  the  remarkable  opporta* 

nities  for  storage  rather  than  through  litigation  over  the  natural  flow* 

Respectfully, 

Elwood  Mead, 

Irrigation  Expert  in  Charge. 
Dr.  A.  C.  Tbue,  Director. 
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WATER-RIGHT  PROBLEMS  OF  BEAR  RIVER. 


THE  WATER  SUPPLY  OF  BEAR  RIVER  AND.  11^  DIVERSION. 

By  Clakknoe  T.  Johnston. 


WATEE  SUPPLY. 

The  use  of  the  water  iu  Bear  River  for  irrigation  has  given  rise  to 
some  water-right  questions  which  have  made  it  one  of  the  noted  streams 
of  the  arid  region.  Another  claim  to  distinction  is  the  fact  that  it  is 
the  largest  stream  emptying  into  Great  Salt  Lake,  and  the  largest  river 
in  the  Western  Hemisphere  whose  waters  do  not  reach  the  ocean. 

From  its  source  in  the  mountain  lakes  of  Summit  County,  Utah,  to 
where  it  empties  into  Great  Salt  Lake  in  the  same  State,  the  river  is 
over  300  miles  long.  In  that  distance  its  fall  is  over  1  mile,  and  the 
300  miles  of  its  course  finally  end  in  its  discharge  into  a  lake  less  than 
50  miles  from  its  source.  Its  head  waters  could  reach  Salt  Lake  much 
more  readily  by  way  of  the  Weber,  and  their  diversion  into  this  stream 
has  been  several  times  under  consideration.  If  this  should  occur, 
another  complication  would  beadded  to  those  already  existing.  Another 
peculiar  fact  is  that  its  source  in  the  Uinta  Mountains,  its  mouth  at 
Great  Salt  Lake,  and  its  most  northerly  bend  in  Idaho  form  the  three 
points  of  an  isosceles  triangle,  the  base  of  which  is  140  miles  long  and 
the  other  sides  each  90  miles.  The  map  of  the  river  (Frontispiece) 
shows  its  remarkable  affinity  for  State  boundaries.  Within  the  first 
100  miles  of  its  course  it  manages  to  cross  the  western  and  southern 
boundaries  of  Wyoming  four  times.  In  its  entire  course  these  boundary 
crossings  divide  the  stream  into  six  sections.  Ditches  heading  in  each 
of  these  sectiotis  are  practically  independent  of  irrigation  laws  or  the 
superior  claims  of  appropriators  of  water  below. 

Beginning  at  the  head,  it  crosses  the  Wyoming-Utah  line  9  miles  east 
of  the  southwest  corner  of  Wyoming.  Just  below  the  State  line  a  pro- 
posed ditch  is  to  return  the  water  to  Utah  through  the  channel  of  Yel- 
low Creek.  Ditches  taken  out  south  of  the  Wyoming  border  pay  no 
attention  to  prior  rights  north  of  it;  their  head  gates  stay  open,  even  if 
the  head  gates  of  earlier  ditches  front  on  a  dry  channeL  For  the  next 
38  miles  Wyoming  irrigators  have  contiioV  oi  XXi^  TOr«t^«&«t  ^\^^2s^>^ 
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deserts  tbciii  by  returning  to  Ttiili.  The  bend  on  the  western  side  of 
the  boundary  is  22  miles  long,  in  which  tlistancu)  ITtah  head  gates  are 
numerous.  The  stream  then  turns  to  the  east  and  again  enters  Wyo- 
ming to  receive  a  number  of  tributaries  from  the  Salt  River  rauge, 
which  more  than  rephK'e  all  the  water  diverted  above.  The  length  of 
this  last  Wyoming  section  is  about  25  miles,  and  it  extends  north  of 
the  northern  boundary  of  Utah,  so  that,  when  the  river  tarns  west 
again,  it  enters  Idaho. 

The  Idaho  loop  has  two  interesting  features — the  automatic  regala- 
tion  of  tioods  by  Hear  Lake  and  the  abrupt  bend  of  the  river  when 
almost  ai*ross  the  divide  into  the  drainage  basin  of  Snake  liiver,  where 
it  cuts  through  a  h)fty  range  to  enter  Ca<'he  Valley,  Utah.  At  the 
southern  edge  of  Cache  Valley  it  becomes  again  a  picturesque  river, 
roaring  and  tumbling  through  a  mountain  canyon,  where  it  cuts  through 
the  range  which  separates  Cache  and  Salt  Lake  valleys,  hi  the  2 
miles  of  its  passage  through  this  canyon  the  tobil  fall  is  alK)ut  KH)  feet. 

CHARACTER   OF   THE   "WATER   8UPPL7. 

If  all  of  the  water  supply  came  from  the  mountains  at  the  hea<l  there 
would  be  in  effect  six  independent  sets  of  claims  to  supply,  and  con- 
troversies over  the  diversion  of  the  water  would  long  ago  have  l>e(^me 
acute.  But  this  is  not  the  case;  the  str<'am  grows  from  the  lake  where 
it  starts  to  the  larger  one  where  it  ends.  While  irrigators  in  eaeh  of 
the  six  sections  tak<^  something  from  the  river,  there  are  tributaries 
which  recnforce  it.  As  a  result,  the  maxiniuni  mcasure<l  discharge  at 
Evanston,  Wyo.,  of  950  cubic  icet  per  sec^md,  becomes  over  10,000 
cubic  feet  per  second  at  Collinston.  Ttah.  Smiths  Kork,  which  rises 
in  Wyoming  and  empties  into  the;  stream  in  the  last  section  in  that 
State,  carries  a  much  larger  volume  than  the  main  stream  above  their 
junction.  Logan  Kiver  adds  more  to  its  volume  than  all  the  appropri- 
ators  in  Wyoming  C4in  divert.  Henrys  Kork  is  an  important  feeder, 
and  Hear  Lake  and  the  streams  which  drain  into  it  alVord  a  material 
increase  to  its  low- water  discharge.  The  exceptional  in<Tease  due  to 
these  tributaries  and  the  faciliti<»s  for  storage  practically  restrict  inter- 
sta>te  complications  over  rights  to  the  four  u])per  sections  along  the 
boundary  ]>etween  Utah  and  Wy<miing.  This  i)rogressive  increase  iu 
volume  is  one  of  the  complications  whi<!h  will  vex  those  who  attempt 
to  frame  a  code  of  laws  for  the  interstate  <Iivisiou  of  streams.  On 
Bear  Kiver  there  is  m)t  one,  but  a  dozen  important  sources  of  supply, 
the  volume  and  availability  of  which  will  have  to  be  considered.  AVyo- 
ming  and  Utah  are  the  important  contributors  to  and  depleters  of  the 
stream.     But  little  water  is  either  added  to  or  taken  fnmi  it  in  Idaho. 

■ 

IMPORTANCE  OF  SUBTERRANEAN  VTATER  SUPPUE8. 

The  value  and  availability  of  a  river  can  not  be  measure<l  by  a  gaug- 
ing at  any  point  iu  its  How  nor  by  a  measurement  of  its  surface  supply. 
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Its  gains  and  losses  from  subterranean  sources  are  much  more  imx>or- 
tant  than  have  heretofore  been  supi)osed.  Thus  40  miles  east  of  Bear 
Eiver  is  a  stream  which  in  10  miles  loses  in  the  rocks  of  its  channel 
more  water  than  Bear  Eiver  carries  daring  nine  months  of  the  year. 
In  Bear  Biver,  on  the  contrary,  there  is  a  marked  gain  from  seepage 
and  the  probable  presence  of  unlocated  springs  which  rise  in  the 
river's  bed. 

MBASUREMENTS  OF  THE  DISCHARGE  OF  BEAR  RIVER. 

In  September,  1898,  the  writer  made  a  personal  examination  of  that 
portion  of  the  stream  where  the  supply  is  at  times  insufficient  to  meet 
present  needs.  This  included  the  four  sections  formed  by  the  Wyoming- 
Utah  boundary.  Measurements  were  made  to  determine  the  loss  from 
ditches,  the  increase  from  seepage,  and  the  size  of  the  several  tributa- 
ries which  enter  the  stream  in  this  portion  of  its  length.  It  was  near 
the  close  of  the  irrigation  season  and  at  the  time  of  least  discharge — 
favorable  conditions  for  examining  the  ditches  and  for  locating  the 
places  of  gain  and  loss  from  seepage  and  for  measuring  the  amount  of 
gain  or  loss. 

The  measurements  began  with  a  gauging  of  the  stream's  discharge 
above  all  the  ditches,  the  place  chosen  being  near  the  southern  boundary 
of  Wyoming.  There  was  57  cubic  feet  per  second  flowing  in  the  stream 
at  this  point.  A  second  gauging  was  made  farther  down,  6  miles  above 
the  point  where  the  stream  leaves  the  State  to  enter  Utah.  The  dis- 
charge here  was  43.5  cubic  feet  per  second.  Between  this  point  and  the 
State  line  two  large  ditches  connect  with  the  river  in  order  to  irrigate 
lands  in  Utah,  the  two  ditches  practically  exhausting  the  stream.  A 
gauging  below  the  head  gate  showed  only  3.6  cubic  feet  per  second 
remaining.  An  examination  of  the  map  will  show  that  for  a  considerable 
distance  below  this  point  there  is  no  material  addition  to  the  stream 
from  surface  tributaries.  If  there  had  been  no  return  seepage  the  vol- 
ume left  in  the  river  would  have  been  lost  by  evaporation  before  the 
bend  in  Utah  had  been  traversed,  but  the  increase  in  seepage  below  this 
point  was  quite  marked.  At  the  head  of  the  Booth  and  Crocker  and 
Randolph  and  Woodruff  canals,  which  tapped  the  stream  6  miles  west 
of  the  line,  the  discharge  of  the  river  was  between  15  and  20  cubic  feet 
per  second.  The  first  of  these  canals  diverted  about  8  cubic  feet  and 
the  last  about  9,  leaving  about  5  cubic  feet  per  second  remaining  in  the 
stream.  For  the  next  22  miles  there  was  no  perceptible  gain  from  seep- 
age or  other  source,  the  river  remaining  practically  unchanged  until 
the  mouth  of  Smiths  Fork  was  reached.  A  gauging  made  immediately 
below  the  confluence  of  these  two  streams  showed  a  discharge  of  213.67 
cubic  feet  per  second.  The  discharge  of  Smiths  Fork  was  210  cubic 
feet  per  second,  or  nearly  four  times  the  flow  of  Bear  Eiver  above  all 
ditches.  Smiths  Fork  drains  a  larger  and  higher  mountain  area  than 
does  the  main  stream  at  its  head,  and  those  familiar  with  both  stcQiQjxv^ 
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Fia  3      Westehn  Shore  uf  Be«.b  Like,  qn  Ut>.v 


At  tlie  uortb  end  of  tbo  luke  are  tlie  liigooiie  and  luarslies  which 
border  its  outlet,  and  wbich  uxtend  toward  Bear  Kiver  a  distauco  of  6 
I  or  7  miles.  Botweeii  these  inarshes  aod  the  lake  pi'Oi>er  isaunrrow 
.  aud  almost  level  ridge  of  Hand,  known  hKiaily  as  "The  Tiimitike"  (see 
.  PI.  II,  Bg.  1),  whiiili  extemis  from  the  hills  on  one  side  of  the  valley 
whi(;h  the  lake  fills  to  the  hills  on  the  other.  About  half  way  across 
this  separating  ridge,  which  is  in  effect  a  niitnral  dam,  is  the  outlet  of 
the  lake,  a  chiiniiel  which  connects  Bear  Lake  and  the  marshes.  This 
channel  is  only  38  feet  wide,  and  all  that  is  required  to  convert  Bear 
Lake  into  a  reservoir  ia  the  building  of  a  set  of  head  gates  to  regulate 
the  discharge  of  water,  and  the  raising  of  the  low  places  in  "TheTnrn- 
pihe"  throughout  the  li  or  3  miles  of  Its  length.  If  this  were  done  a 
rise  of  n  feet  in  its  water  level  would  add  over  40(),(KHI  acre-feet'  to  the 
low  water  supply  uf  irrigators  below.  It  is  doubtful  if  the  streams 
which  empty  directly  into  Bear  Lake  would  ftirnish  this,  but  an  addi- 
tional supply  could  be  secured  by  the  coiiatructiou  of  a  ditch  from 
Bear  River  emptying  int^i  the  lake.  This  would  not  have  to  be  more 
than  15  miles  long,  and  it  could  be  made  large  enough  to  divert  practi- 
cally the  entire  discharge  of  the  river  for  March,  April,  and  May  of 
eacli  year. 

The  waters  of  the  lake  reach  Bear  River  about  IS  miles  from  the  out- 
let. The  river  runs  within  lli  miles  of  the  lake,  but  at  the  nearest 
jwiint  it  has  thrown  up  a  low  ridge  along  its  southern  bank  (PI.  II,  flg. 
2),  which  prevents  the  river  flowing  into  the  lake  basin.  Judging  from 
the  water  marks  along  the  hills  bordering  the  valley,  the  lake  at  one 
time  covered  the  entire  area  and  was  between  40  aud  50  miles  long  and 
from  50  to  100  feet  deeper  than  it  is  at  the  present  time.  Its  subsidence 
lias  left  large  fertile  areas  along  the  north  and  west  shores  (PI.  II,  fig.  3) 
of  the  present  lake.  On  the  south  there  is  also  considerable  fanning 
land,  irrigated  from  small  creeks.  Numerous  small  streams  enter  the 
lake  from  t!ie  west  and  serve  to  irrigate  a  considerable  portion  of  tlie 
tillable  lands  on  that  side.  This  side  of  the  lake  is  now  iin  almost  con- 
tinuous orchard,  where  twenty  years  ago  an  attempt  to  raise  even  the 
hardiest  cereals  was  considered  a  hazardous  undertaking. 

Nothing  lias  as  yet  been  done  toward  the  improvement  of  this  lake, 
the  reason  being  that  it  is  below  the  section  of  the  stream  where  a 
scarcity  hsw  as  yet  been  experienced.  To  forestall  litigation  reservoirs 
will  have  to  be  built  at  the  heail waters  of  the  stream.  There  are  a  num- 
ber of  lakes  south  of  the  Wyoming  line,  but  no  examination  was  made 
I    to  determine  either  their  capacity  or  the  cost  of  their  improvement. 

I  FORMBR   CONDITION   OF   trPPBR   BBAR  RITBR. 

The  old  water  levels  marked  on  the  hills  bordering  the  valley  of  Bear 
Biver  make  it  manifest  that  Bear  Lake  is  the  last  reniniint  of  a  chain 
of  lakes  which  formerly  extended   along   the  river  to  the  southern 

I  An  "ncre-foot"  of  water  in  the  yolnnie  ic<vn\rei\  *it>  eovKt  ».\\  tw-^a  o^X^jlinJi.  \.o  'i- 
depth  of  1  foot.,  or  43,560  oobio  foet. 
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boundary  of  Wyoming  (PI.  III).  Two  causes  have  operated  to  destngr 
these  lakes — the  river  has  lowered  their  line  by  catting  down  tiMir 
outlet,  while  the  sediment  carried  down  from  above  has  filled  the  iHighiff, 
Bear  Lake  has  been  saved  from  being  filled  with  sediment  by  the  lov 
ridge  which  lies  between  it  and  the  river.  The  former  location  of  tiMMe 
lakes  can  be  easily  traced  out  by  the  broad  and  level  allavial  dcporiU 
through  which  the  stream  winds  its  sluggish  course.  The  first  lakft 
was  located  about  12  miles  south  of  Evanston,  Wyo.,  near  the  BonttMB 
boundary  of  the  State.  It  had  a  length  of  nearly  10  miles  and  an  i 
age  width  of  2  miles.  Below  it  is  a  canyon,  known  locally  as  **! 
Narrows,''  where  the  liver  has  a  very  rapid  fall,  and  the  indicafiona 
that  at  one  time  there  was  either  a  rapid  or  a  cascade  in  the  channel  at 
this  point.  The  second  lake  began  near  the  mouth  of  Snlphnr  OfMk. 
and  reached  to  the  second  canyon.  This  had  a  leiigth  of  22  mil€»  wani 
an  average  width  of  nearly  a  mile.  The  canyon  at  this  x>oint  is  not  won 
so  deep,  proportionately,  as  the  one  above,  and  for  the  entire  distaaet 
there  is  not,  except  during  high  water,  a  ripple  in  the  current  of  tte 
river.  The  third  and  largest  lake  basin  begins  below  "Narrows  ]fow%* 
and  spreads  out  on  either  side  of  the  present  river  channel  from  2  to  14 
miles.  It  has  a  length  of  over  51)  miles.  That  these  level  bottoms  WSd^ 
formerly  basins  which  have  been  filled  to  a  great  depth  with  sedimsBlt' 
is  clearly  evident.  In  the  midst  of  these  level  i)lains  are  isoIaMI' 
points,  the  summits  of  what  were  once  high  foothills.  They  stand  Clii^- 
like  islands  in  the  ocean,  all  but  the  summits  having  been  sabnierg|||fe 
in  the  river's  dei)osit  and  glacial  drift  from  above.  f^ 

LOCATIOH  AND  CHABACTEB  OF  THE  lERIOATION  WORKS  ALOM|^ 

BEAR  RIVER. 

The  100  miles  of  Bear  River  above  the  mouth  of  Smiths  Pork  is  tlMI 
portion  which  has  been  productive  of  water-right  complications.  HcM 
in  August  the  demand  for  water  often  exceeds  the  supply.  The  ancient 
lake  beds  above  described  are  fertile  and  easily  reclaimed,  and  tll6 
number  of  ditches  built  to  water  them  is  indicated  by  the  fact  that 
there  are  150  recorded  in  the  Wyoming  State  on^dneer's  office  alons. 
Adding  to  these  the  number  built  to  water  Woodruft'  Flats,  in  Utah, 
there  must  have  been  in  Sei)tember,  1898,  over  200  claims  to  the  47 
cubic  feet  of  water  per  second  which  crossed  the  southern  boundary  of 
Wyoming.  Nearly  all  these  are  small  individual  dit<'>hes  less  than  a 
mile  in  length.  They  are  not  shown  on  the  map,  because  the  scale  used 
was  not  large  enough  to  permit  of  locating  the  head  gates,  much  leas 
to  draw  the  lines  of  the  ditches. 

The  country  irrigated  is  in  the  midst  of  an  extensive  grazing  area 
used  by  the  owners  of  range  flocks  of  sheep  and  herds  of  cattle,  and 
the  growing  of  winter  feed  for  live  stock  is  the  Iccading  industry. 

The  river  rises  among  the  loftiest  peaks  of  the  Uinta  Range,  amid 
picturesque  scenery  in  which  deep  snow-fille<l  canyons  and  a  number 
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of  glapcial  lakes  are  the  chief  attractions.  When  it  leaves  these  it 
emerges  into  a  broken  foothill  country  which  is  partially  covered  with 
pine  timber.  Much  of  this  region  has  been  devastated  by  fire.  In 
many  places  aspen  groves  have  sprung  up  where  blackened  tree  trunks 
would  otherwise  mark  the  vanished  forests  of  pine.  The  removal  of 
the  timber  in  this  broken  country  has  destroyed  the  natural  reservoir 
system  of  Bear  River.  Formerly  the  snow  lingered  late,  and  springs 
were  abundant  on  the  hillsides,  but  conditions  have  so  changed  that 
artificial  reservoirs  are  now  being  discussed.  The  foothills  extend 
almost  to  the  Wyoming  line,  where  they  break  away  as  the  river  turns 
to  the  northwest.  The  channel  of  the  stream  follows  close  to  the  hills 
on  the  west  side  for  7  or  8  miles  below  the  line.  On  the  east  side  a 
low,  flat  divide  runs  to  Mill  Creek,  the  first  tributary  of  Bear  River 
on  the  east.  This  divide  is  a  mass  of  water- worn  pebbles  and  bowl- 
ders, and  the  entire  area  is  covered  with  a  dense  growth  of  sagebrush. 
Ditches  tap  Bear  River  near  the  boundary  and  cross  the  Mill  Creek 
divide  at  almost  right  angles  to  the  main  stream.  There  is  more  cul- 
tivated laud  along  Mill  Creek  than  along  Bear  River  above  their 
junction. 

"HILLIARD   FIiATS." 

Two  ditches  cross  both  the  Mill  Creek  watershed  and  a  second  divide 
to  irrigate  land  along  Sulphur  Creek.  This  land  is  known  locally  as 
"Hilliard  Flats."  It  is  separated  from  the  valley  of  Bear  River  by  a 
high  range  of  hills.  These  break  off  on  the  south,  thus  allowing  water 
to  be  carried  into  the  valley  at  small  expense.  The  area  capable  of 
being  irrigated  approximates  8,000  acres,  and  water  can  be  easily  dis- 
tributed over  the  entire  area.  The  southern  half  of  the  valley  is 
settled,  although  not  over  one-tenth  of  the  irrigable  land  is  cultivated. 
The  soil  varies;  along  the  hills  on  both  the  eastern  and  western  bor- 
ders it  is  the  black  loam  often  seen  in  mountain  valleys;  through  the 
center  of  the  valley,  running  north  and  south,  is  a  gravelly  ridge  well 
adapted  to  cereals  and  forage  crops.  Sulphur  Creek  follows  along  the 
east  side  of  the  valley.  It  is  of  little  importance  as  a  source  of  water 
supply,  as  it  furnishes  but  a  small  quantity  at  any  time  in  the  year. 
The  older  residents  of  the  valley  all  state  that  before  the  timber  on. 
the  head  waters  of  the  cre^k  was  destroyed  it  maintained  a  large  and 
perennial  flow. 

YEI.LOW  CRBZSK. 

There  is  a  somewhat  similar  valley  on  the  west  side  of  Bear  River 
along  Yellow  Creek.  A* canal  has  been  surveyed  to  carry  water  over 
the  divide  between  the  river  and  this  tributary.  The  line  follows  the 
river  for  some  distance  along  an  almost  vertical  bank.  It  is  but  little 
longer  than  the  Hilliard  Flats  ditch,  but  more  expensive.  The  area 
capable  of  being  irrigated  approximates  12,000  acres,  and  is  distributed 
along  the  creek  for  15  miles.    The  estimated  eo^\» oi  \Xi\%  s^\\^\^%V^^Rf^, 
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Three  miles  below  Evanston  the  Chapman  Canal  begins.  It  is  the 
most  important  canal  along  the  river  in  Wyoming,  although  of  the 
47,680  acres  of  land  it  irrigates  but  10,088  lie  in  that  State.  The  canal 
was  measured  a  short  distance  below  its  head  gate.  It  is  18  feet 
wide  on  the  bottom,  24  feet  wide  on  the  top,  and  4  feet  in  depth,  with 
a  grade  of  3  feet  per  mile,  ^hese  dimensions  give  a  carrying  capacity 
of  approximately  252  cubic  feet  per  second.  The  ditch  is  well  con- 
structed, although  it  follows  the  contour  of  the  ground  too  closely  for 
a  channel  of  its  dimensions.  Each  irregularity  in  the  surface  of  the 
ground  has  a  corresponding  curve  in  the  dit-ch.  This  not  only  detracts 
from  its  appearance,  but  adds  much  to  the  erosion  of  the  banks. 


II 


'WOODRUFF  FLATS." 


Immediately  below  the  second  narrows  the  river  crosses  into  Utah 
and  at  once  widens.  This  valley  is  locally  known  as  the  ^^  Woodruff 
Flats."  The  Woodruff'  Flats  extend  to  the  south  for  12  miles,  and  as 
the  river  turns  to  the  north  the  valley  has  a  width  varying  from  4  to  7 
miles  until  the  river  returns  to  Wyoming,  where  the  valley  becomes 
much  narrower,  being  but  little  over  a  mile  in  width.  The  land 
reclaimed  in  Utah  is  irrigated  by  larger  canals,  and  the  methods  of  the 
fanners  are  much  superior  to  those  followed  in  Wyoming,  either  above 
or  belo^  this  tract.    (PI.  IV,  lig.  3.) 

Four  miles  below  the  narrows  the  Kaudolph  and  Woodruff  Canal  con- 
nects on  the  west  side  of  the  river.  This  canal  is  24  feet  wide  on  top, 
20  feet  wide  on  the  bottom,  and  4  feet  in  depth.  For  the  first  3  miles 
it  has  a  fall  of  30  inches  per  mile.  The  grade  decreases  below  this  to 
20  inches  per  mile,  which  fall  is  maintained  to  the  end.  It  has  a  carry- 
ing capacity  for  the  first  3  miles  of  220  cubic  feet  per  second  and  for 
the  remainder  of  the  distance  of  114  cubic  feet  per  second.  The  local 
theory  for  having  the  greatest  fall  at  the  head  of  the  ditch  and  decreas- 
ing it  as  the  cross  section  diminishes  is  that  when  water  is  once  started 
in  a  ditch  the  quantity  can  be  held.  The  ditch  is  thus  regarded  as  a 
8i>ecies  of  funnel.  That  this  practice  is  wrong  is  evident  from  the 
appearance  of  the  channel  at  the  upper  end  of  the  canal.  A  fall  of  30 
inches  per  mile  is  too  great,  and  the  channel  has  washed  wherever  the 
material  is  anything  but  solid  rock  or  gravel.  The  material  washed 
out  must  be  deposited  along  the  lower  part  of  the  canal,  where  the  cur- 
rent is  not  swift  enough  to  carry  the  sediment.  The  canal  covers  a 
valuable  tract  of  land  averaging  4  miles  in  width,  a  large  portion  of 
which  is  now  under  cultivation.  Oats,  wheat,  rye,  and  garden  products 
are  the  principal  crops,  but  the  cultivation  is  superior  to  that  seen  on 
the  stock  ranches  found  above  in  Wyoming.  Considerable  land  is  irri- 
gated below  Eandolph  from  the  same  canal. 

On  the  east  side  of  the  river  is  the  Booth  and  Crocker  Canal,  20  feet 
wide  on  top  and  2  feet  deep,  which  irrigates  a  narrow  strip  of  land 
lying  between  Bear  Eiver  and  the  Bear  Eiver  Mountains.    This  c^\v5sJL 
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18  20  miles  long.  Near  its  terminus  the  Otter  Creek  Canal  conneeli  { 
with  the  river  on  its  west  bank.  It  irrigates  a  large  area  of  natoialij 
meadow  land.    It  is  30  feet  wide  and  3^  feet  deep.    (PI.  V,  fig.  1.) 


The  Beckwitb  Company  has  three  ditches.    The  first  of  these 
nects  with  the  river  on  the  west  side,  6  miles  above  the  Wyoi 
line.    It  is  30  feet  wide  on  top,  25  feet  wide  on  the  bottom,  and  4 
deep.    The  other  two  canals  of  this  company  leave  the  river  2 
below  the  Wyoming  line.    The  most  expensive  dam  on  this  ieiectlottL| 
the  stream  serves  to  raise  the  water  to  fill  these  canals.    (PI.  V,  fif  • 
The  ditches  have  no  head  gates.    The  dam  has  regulating  gates  wl 
can  be  closed  and  the  level  of  the  river  raised  to  tlow  into  the 
The  dam  is  a  rock- filled  crib  structure,  having  a  roadway  built  over 
cribs  and  large  quantities  of  loose  rock  thrown  in  above  them, 
gates  are  placed  on  the  upper  side  of  the  dam  and  are  so  arranged 
to  be  worked  by  one  man. 

WyOAflNa  AND   IDAHO   DITCHE3. 

The  valley  of  the  river  from  this  point  to  the  junction  of  Bear 
and  Smiths  Fork  has  an  average  width  of  1^  miles.    Immediately 
the  confluence  of  the  two  streams  are  the  third  narrows.    The  W; 
and  Irwin  canals  begin  below  them.    Like  the  Beckwitli  canals^ 
dam  suffices  for  the  two  and  no  head  gates  have  been  coustraol 
(PI.  Y,  fig.  3.)    Numerous  small  ditches  have  been  built  between  tl 
canals  and  Bear  Lake  Valley.    Henrys  Fork  flows  into  the  main  si 
from  the  north  beyond  the  Wyoming  line.    Here  the  valley  of  the  rb 
is  from  2  to  4  miles  wide,  but  it  becomes  narrower  just  below  and 
tains  little  irrigable  land  until  Bear  Lake  Valley  is  reached.    In 
valley  the  four  ditches  taken  from  the  stream  serve  to  irrigate  16,< 
acres.    From  Bear  Lake  Valley,  Idaho,  to  the  Cache  Valley,  in  Ut 
the  hills  approach  close  to  the  river,  and  only  a  limited  area  can 
reclaimed. 

CACHE  AND  GENTILE  VALLETS. 

Some  15  miles  below  Soda  Springs  several  small  tributaries  fun 
water  for  the  irrigation  of  a  tract  of  land  known  as  Gentile  Valley, 
land  is  rolling,  and  many  of  the  hillsides  are  under  cultivation.    Bi 
one  ditch  is  taken  from  the  main  stream,  and  it  only  serves  to  irrigi 
a  small  area  of  bottom  land.    The  river  is  in  a  deep  channel  ancL  tl 
grade  is  light,  thus  making  it  almost  impossible  to  take  water  from  itj 
by  canals  without  the  construction  or  a  high  and  expensive  dam  at  the 
head. 

Cache  Valley  is  chiefly  irrigated  from  the  tributaries  of  Bear  River. 
Of  these  Logan  Biver  is  the  most  important,  although  Cub  Creek, 
Blacksmith  Fork,  and  Box  Elder  Cre(»k  furnish  water  for  large  tracts. 
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This  valley  is  known  as  the  granary  of  Utah,  aud  well  deserves  the 
name,  as  more  grain  is  grown  here  than  on  any  other  one  tract  in  the 
State.  The  water  of  the  streams  is  used  to  the  best  advantage,  and  a 
large  amount  of  money  and  labor  has  been  expended  in  the  construc- 
tion of  reservoirs.  Newton  Eeservoir  is  the  most  important  of  these. 
It  has  a  capacity  of  nearly  900  acre-feet. 

BEAR  RIVER  CANAL. 

Immediately  below  the  junction  of  Logan  River  and  Bear  River,  Bear 
River  Canyon  (PI.  VI,  fig.  1)  begins.  At  the  upper  end  of  this  canyon 
are  the  diverting  dam  and  head  gates  of  the  Bear  River  Canal  (PI.  V, 
fig.  4),  one  of  the  most  notable  examples  of  canal  engineering  to  be 
found  on  this  continent.  This  canal  (PI.  YI,  figs.  2  and  4)  is  notable 
both  for  its  size  and  for  the  excellent  and  enduring  character  of  its 
construction.  The  temporary  makeshifts  which  were  a  marked  feature 
of  the  earlier  irrigation  works  have  here  been  discarded  and  in  their 
place  are  enduring  structures  of  masonry  and  iron.  No  recent  work 
has  more  strongly  marked  the  tendency  toward  greater  durability  and 
firmness  than  the  works  of  this  canal.  The  head  gates  are  of  iron  and 
rubble  masonry;  the  waste  gates  and  regulating  gates  all  have  iron 
frames.  The  largest  flume  on  the  canal  has  an  iron  truss  support,  and 
a  smaller  flume  is  built  entii'ely  of  iron — the  first,  it  is  believed,  to  be 
built  in  the  United  States.  The  following  description  of  this  system 
is  taken  from  a  paper  read  before  the  American  Society  of  Civil 
Engineers  soon  affcer  the  work  was  completed: 

A  fine  example  of  the  present  stage  of  canal  development,  and  one  which  has  been 
designed  and  constructed  under  the  supervision  of  some  of  the  best  irrigating  engi- 
neers, is  the  Bear  River  Canal,  in  Utah,  which  is  diverted  from  the  Bear  River  at  a 
point  about  3.5  miles  above  CoUinston.  This  system  consists  essentially  of  a  main 
western  and  main  eastern  canal,  diverted  one  from  either  bank,  while  the  former  is 
divided  into  two  principal  branches,  from  which  are  taken  the  various  laterals  sup- 
plying the  private  ditches.  At  present  there  are  completed  the  diversion  weir  and 
the  first  6  to  8  miles  of  heavy  rock  in  the  canyon  which  brings  the  water  to  the  level 
of  the  broad  valley  lands  which  it  is  intended  to  irrigate. 

The  average  minimum  discharge  of  Bear  River  at  the  weir  site  is  about  1,000  sec- 
ond-feet, occurring  in  midsummer,  while  the  maximum  recorded  flood  discharge  is 
less  than  9,000  second-feet.  The  diversion  weir  is  admirably  located  between  two 
high  rook  abutments  and  with  shallow  rock  foundation.  It  is  constructed  of  crib 
work  filled  with  earth  and  loose  stone,  having  a  total  height  of  16.5  feet  and  a 
length  at  the  bottom  parallel  to  the  channel  of  the  stream  of  38  feet,  its  length 
between  abutments  being  370  feet  on  the  crest.  The  upstream  slope  is  1  on  2  and 
the  downstream  slope  about  1  on  i,  the  water  falling  on  a  wooden  apron  anchored 
to  the  bed  rock.  All  timber  is  10  by  12  inches  and  is  driftbolted  to  the  rock  bed. 
The  head  gates  on  the  west  side  couHist  of  five  gates,  each  4  feet  wide  by  7  feet 
high,  of  iron,  and  built  into  substantial  masonry-in-cement  abutments  and  piers 
founded  on  rock.  The  head  gates  to  the  eastern  side  canal  are  of  essentially  similar 
form  of  oonstruction. 

The  first  2  miles  of  the  east  side  canal  are  in  heavy  rook  work,  in  which  are  two  tun- 
nels, the  first  being  423  feet  long  and  the  second  200  feet  in  length.  (PI.  VI,  fig.  3).  In 
this  portion  of  the  canal  are  a  number  of  deep  rock  c\it»,  «i»  ^Vo>«Ti\\i\>ci^^^^w$s^^j^Vcv"^ 
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oiul,  or  mUier's  iucli,  resulted  in  an  irrigator  claiming  an  amoaut  ecjual 
to  the  volume  of  the  river  for  the  irrigation  of  a  few  acres,  while  his 
neighbor  might  claim  but  a  small  qaantity  for  watering  160  acres  or 
more.  The  error  in  this  particular  was,  however,  generally  on  the  safe 
side  for  the  irrigator,  and  the  claims  on  Bear  Kiver  alone  call  for  over 
1,000  cabic  feet  per  second.  This  volume  is  between  three  and  four 
times  as  mnch  as  is  needed  for  all  the  land  irrigated  along  Bear  River 
in  Wyoming  today. 

In  the  Territorial  adjudications,  made  by  the  courts,  the  carrying 
capacity  of  the  ditch,  instead  of  the  area  irrigated,  determined  the 
amount  of  the  appropriation.  This  influenced  somewhat  the  bnilding 
of  ditches  as  well  as  the  form  of  the  claims  filed  for  record. 

The  State  law,  which  has  been  in  force  since  1890,  provides  for  a 
board  of  control,  which  has  entire  charge  and  supervision  of  the  water 
of  the  State  and  makes  all  adjudications.  It  is  made  up  of  the  State 
engineer  and  four  division  superintendents.  The  law  required  the 
county  clerks  to  furnish  the  State  engineer  with  a  complete  transcript 
of  all  territorial  claims  to  water,  and  made  the  State  engineer's  office 
the  place  of  record  of  all  claims  to  water.  The  applications  for  permit 
under  the  State  law  correspond  somewhat  with  the  statement  of  claim 
under  the  Territorial  law.  In  addition  to  giving  the  name  of  the  owner, 
the  dimensions  of  the  ditch,  etc.,  it  includes  a  description  and  area  of 
the  land  to  be  irrigated.  No  specific  quantity  of  water  is  claimed. 
The  application  must  be  filed  before  construction  is  begun,  and  the 
State  engineer  has  authority  to  return  the  paper,  or  map  accompanying 
it,  for  correction,  and  to  refuse  permits  where  streams  are  fully  appro- 
priated. Neither  the  application  nor  the  statement  of  claim  is  a  title 
to  water.  Under  the  Territorial  laws,  the  decree  of  the  court  was  as 
near  a  title  as  the  irrigator  was  able  to  obtain.  Under  the  State  law, 
the  board  of  control  issues  certificates  of  appropriation,  after  the  adju- 
dication is  made,  which  are  similar  to  a  land  title  and  as  explicit. 

Under  State  and  Territorial  claims  19,840  acres  of  land  are  irrigated 
in  Wyoming  from  the  water  of  Bear  Kiver.  If  the  State  should  adju- 
dicate these  rights,  283  cubic  feet  of  water  per  second  would  be  allotted 
to  this  area.  The  gaugings  made  in  September,  1898,  when  the  river 
was  at  extreme  low- water  stage,  show  the  scarcity  of  water  that  would 
exist  even  if  the  quantities  used  were  limited  to  1  cubic  foot  of  water 
per  second  for  each  70  acres,  as  required  by  the  State  law.  But  57 
cubic^  feet  of  water  per  second  entered  Wyoming  from  Utah  at  that 
time."  No  tributary  adds  to  this  discharge  until  Smith's  Fork  is 
reached,  which  is  practically  on  the  Wyoming-Idaho  line. 

The  tables  following,  taken  from  the  State  and  Territorial  records, 
give  evidence  of  the  gradual  improvement  in  the  form  of  the  papers 
filed. 

As  before  stated,  only  the  largest  ditches  are  shown  on  the  map  of  the 
river  (Frontispiece).  The  number  of  individual  ditches  is  far  greater. 
Only  since  1881  have  the  laws  of  Idaho  required  the  recordiu^  <\C 
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ditches,  irtali  has  reciuired  it  only  since  1897.  In  neither  of  these 
Stiitcs  does  a  failure  to  record  appropriations  miule  i)rior  to  tliose  years 
work  a  forfeiture  of  rights.  Hence  their  records  are  incomplete,  and 
the  names  of  claimants  and  the  amount  of  water  claimed  can  not  be 
given. 

Abstract  of  Territorial  olaimn  io  water  from  Bear  Hirer  and  iributariee  in  Wyoming^ 
recorded  in  the  office  of  the  State  engineer  at  Cheyenne,  Wyo, 
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16.1882 
22, 1882 
27. 1882 

2,1882 

7,1882 
21,1882 
17, 1882 


John  N.  McElmorn 

David  D.  Colton  ....   25,950  feet. . 

Jno.  W.  Kerr  ot  nl . .    

Orlando  Nortli  et  al 

do 

ChuH.  Crocker  L't  al  .|  5  mi  leu 

John  Slater 
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O.R.Snyder 
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27.1886 

10, 1886 

25. 1886 
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1886 
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Aug.  17,1886 
Aug.  23. 1886 
Aug.  30, 1886 
Aug,  31, 1806 


Stephen  A.  MilU 
etal. 

Chaa.  Deloney  et  al . 

lleuben  Fowkes.... 
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cock. 

Amos  Edwards 
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Arthur  W.Sims 

Alonzo  F.  Sights 

O.  Christen^ien 
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Wm.  Morris  et  al . . . 

Wm.H.  Lee 
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John  Felter 
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ney. 
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Wm.  Brown  et  al . . . 
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Amount  claimed. 


720  miner's  inches. 


200  miner's  inches. 
1  <;uhic  foot  per  Mcond. 
5|  outdo  feet  persecoBd. 
1  {  cul)ic  feet  per  second. 

600  inches. 

1.000  cubic  inohea. 
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2.625  cubic  feet  per  8«»c- 
und. 


jibiiraei  of  TtrriUirial  olaimt  to  inaltr/ram  Hear  River,  etc. — CoutiniUKl. 


By  wbuiji  nlgni-il. 

Dimauaiun.. 

^„..„™,, 

UatBor 

LoBgtb. 

Width. 

Top. 

Bol. 
t™. 

UeaD. 

Saiit.    l,lB8a 

Chaa-M-WhlW 

A.C.  fiMitcwIlb  at  al. 

AM. 

^^ 

-■■-"■ 

2|   l2iMiblDreeip«ra>'Cond. 
It  a.m.iublar^tper.ea- 
Si'  MJHB    oubic   feet  per 
,      eeuond. 

1     GoDbioreetpersecund. 

Smllaa 

lOmUaa 

liioil" 

t 

30 

li' 

8<-pl.    2,18m 

JncW-Myora 

Jno.WagslalI 

^11- -fA^ 

H.H.(™i. 

3 

8.5  ctibte^fiS^^rwc- 

DDd, 

Jans  21,  leST 
Jnna  11,1887 

-Wm.'n.-w'^'la.:'.. 

iair-:::;: 

so 

7* 

d 
at 

i' 

u 

>1 

;:::;:; 

I 

Oct,    13,1887 
Var.     R.l»8» 
Mar,  30,18M 

&'.  5ia 

May     S.  1888 
May  Za.l8S8 
JaBo23,1888 

Sopl.    3,1888 
*M.      4,lt«S 

Nuv.  10,1888 

Geo.P.Cbapmai,  .. 

jBa.U.Slgbla 

Rii:hard  Irwin 

RLbLM^LcwbT.;."'^ 

J.N.Wbltaay 

HobLU. Lewis 

Cha*.P.PUlej 

itiuei::::: 

Imllea 

Bile 

!,-£.::::■. 

Slmflea 

1     2.5  cable  fMt  per  n>e- 

ood. 
1     *.5  c.iblu  reft  per  Jteo- 

3  '  11  cubic  feeip*raeeoBil.' 
1     4eiiblcriwEperiie«)ml, 
1     Siet>b>crcet$er.acana. 

It   13,S°euWo7«ri;Br.«. 

ood. 
It  £5  cubic  feet  per  aooond. 
1     8U    cubic    biehaa  par 

It   l.ni  eublc  feet  per  aeo- 

and. 
1     881    cubic    lucbea   per 

1|  MIS  uubic  feel  iwrawj- 

A        20  1888 

^ 

log.  21. 1888 

Aug.aMBH 
Aug.  11,1888 

Jan.   24.188( 
Uar.    4,1880 

^ 

HancT  H.  RtertlUMi. 

Martin  V.«Qrae,... 

U-11" 

i""" 

lol         81 

10  1       H 

11^ 

ODd. 

ai°s'cobiofefti,traeo 
3,S  eubic  f^t  par  aac 

3  cable  reel  par  ■eoBOd! 
S  enblo  r«t  par  leooiHl. 

tODbiefuetperaeoond. 

aoobierwt^rt^Dd: 

Bc™blof«t'?JrnbSnd: 

W  cobie  feet  per  Beoonil . 
14eublef«.t|«riieeat>d. 

Mar.  30.  Itea 

*"'le 

(mile 

lis.-::::: 
i'i-;:::: 

8.800  Diet.... 
•Oayardi.... 

ii  i 

, 

Apr.    5,1888 
Hay  ll,  88t 

SIS 

Jno.aWU«iB 

Jo<.,l!.KloliBrd».... 

Wm,  Cwnipton 

) 

3 

SSatj:;;; 

} 

1 

8 

16 
T 

Wm,  GarrBtC 

te;:::: 

lo'Sillei:"".: 

Nov.   o;  eSA 

llw,      t    S8B 

a":  2*;  ^ 

J  as.  U.  limes 

EK|SS";:::::: 

Wni.P.N.-heker.... 

ScSaS::::::: 

low  Cr»k  Irrlga- 

Wm.HInlDD - 

Gfw.TibbeU     

Dec,    U.18M 
Feb.     <>.I«8t 
Kar.    8.t8Sl 

Hmile" 

2|nil1e*.. 

4 
00 

18 

\ 

't 

ll.t  cabio  Aet  per  aes- 

24 
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the  State  entpneer  of  Wyoming  Hnce  January  1,  ISOl. 
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1,020  acTM. 
Mhiiujr. 
7.010  acres. 
3,520  acres. 
60  acres. 
440  acres. 

320  acres. 
SSacraa. 
Do. 
200  acres. 
RSarrea. 
SSiGrea. 
60  acres. 
40  acres. 
1.280  acres. 
440  acres. 
00  acres. 
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10  acres 
180  ncres. 
10.088  acres. 
SOaeies. 
80  acres. 
47,080  acn  a. 
26  acres. 
48  acres. 
60  acres. 
2.732  acres. 
SOOacrea. 


THE  IRRIGATED  AND  IRRIGABLE  LANDS. 

The  area  which  Hear  River  can  be  made  to  rechiim  ih  restricted.  On 
the  apper  third  of  the  stream  the  alluvial  valleys  aloiijj^  the  river  have 
nearly  all  been  irripited.  Further  extensions  will  refjuire  larger  and 
costlier  works  and  the  building  of  dit<*.hes  to  irrigate  land  along  other 
streams,  like  the  projects  for  irrigating  the  Ililliard  Flats  and  the  val- 
ley of  Yellow  Ore^k.  In  Idaho  the  land  which  can  be  ])rofltabIy 
watered  is  limited  in  extent,  and  much  of  it  is  too  uneven  iu  sarfaoe 
to  be  attractive  to  irrigators.  The  greatest  exi)anse  of  unoccnpicd 
land  <in(]  the  field  of  future  growth  is  in  rtah.  Both  in  Siilt  Lake 
Valley,  under  the  Bear  liiver  Canal,  and  in  (3ache  and  Gentile  valleys, 
under  projected  canals,  there  is  destined  to  be  a  great  in<*rease  iu  the 
cultivat^Ml  area. 

The  following  table  gives  acloseap])roximati<)n  to  the  reclaimed  and 
reclaimable  area  in  each  State: 

Irrigated  and  irrigahtc  arnm  in  Wyoming^  I'tah,  and  Idaho. 
StaU«. 


Land  irri-    ''""ii*^^  ^''  'SZ^?^VZ 
UK,cd.  .'--       ^^^^^^ 
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Totfi] 
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alO.OJU 


01,840 
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240, 840 


Aer$$. 
43,680 
263.000 
26,000 


332.680 


aV«AVuua\t  (\. 


25 

Tlie  scarcity  experienced  by  the  appropriators  living  between  the 
head  of  the  stream  and  the  month  of  Smiths  Fork  has  led  to  consid- 
erable uneasiness  and  to  a  desire  for  an  interstate  adjudication  of 
priorities  by  appropriators  below,  but  a  study  of  all  the  conditions 
shows  their  fear  of  scarcity  to  be  groundless.  Smiths  Fork  and  Logan 
River  are  the  principal  sources  of  supply,  and  both  reenforce  the 
stream  below  where  the  greatest  use  now  occurs.  Three  hundred  and 
thirty  thousand  acres  is  believed  to  embrace  all  the  land  which  can  be 
profitably  watered.  The  mean  yearly  flow  of  'the  stream  for  thtt  past 
five  years  has  been  over  1,500,000  acre-feet.  This  would  cover  to  a 
depth  of  nearly  5  feet  all  the  lands  which  can  be  irrigated.  One-half 
that  amount  will  be  ample.  The  immense  siee  of  Bear  Lake,  and  the 
ease  and  cheapness  with  which  it  can  be  converted  into  a  reservoir, 
make  it  possible  to  utilize  practically  all  the  water  discharged  from  the 
stream  except  that  flowing  from  Logan  River.  All  that  is  needed  is 
its  conversion  into  a  storage  basin  and  the  building  of  a  canal  from 
Bear  River  to  fill  it. 

The  irrigators  along  the  Wyoming  and  Utah  boundary  need  relief. 
During  the  past*six  years  there  have  been  a  number  of  seasons  when 
the  stream  was  drained  as  dry  as  it  was  in  1898,  when  only  defective 
dams  prevented  a  dry  channel.  The  completion  of  the  Hilliard  Flats 
or  Yellow  Creek  Oanal  will  either  rob  existing  users  below  or  lead  to 
some  sort  of  an  agreement  for  the  establishment  and  enforcement  of 
priorities  across  State  lines.  The  problems  which  will  have  to  bo  solved 
before  an  interstate  settlement  of  priorities  can  be  had  will  be  dis- 
cussed in  the  succeeding  pages  of  this  bulletin. 


intI':rstat1'  wati-r  rights  in  hi-ar  rivhr. 

hy  JOHKI'H  A.  Hrkckons. 


•HfTEODncnoN. 

IMPORTANCE  OF  IRRIGATION. 

The  agricaltaral  interests  of  fifteen  States  and  Territories  of  the 
West  depend  directly  and  almost  entirely  npon  irrigation  and  irrip^ation 
methods.  These  States  and  Territories  (California,  Colorado,  Idaho, 
Kansas,  Montana,  Nebraska,  Nevada,  North  Dakota,  South  Dakota, 
Utah,  Oregon,  Wyoniiug,  Arizona,  New  Mexico,  and  Oklahoma)  com- 
prise an  area  of  1,4(>5,00()  square  miles,  almost  one  half  the  area  of  the 
United  States,  and  supi)ort  a  population  of  nearly  six  millions  of  i)eople. 

To  the  agricultural  interests  may  be  added  the  livestock  interests  of 
these  States  and  Territories,  for,  almost  universally  in  the  West,  the 
live  stock  interests  are  becoming  merged  with  those  of  agriculture. 
Indirectly  all  of  the  great  commercial  interests  of  this  vast  region — 
great  enough  in  extent,  variety  of  resources,  and  ])0])ulation  to  be  well 
termed  an  empire — are  de])endent  upon  the  successful  application  of 
irrigation. 

h\  this  vast  empire  of  the  West  water  is  the  one  essential  element  of 
all  productiveness  and  consequent  prosperity.  Its  use  for  mining 
operations  first  attracted  attention,  and  was  the  subject  of  such  legis- 
lation as  made  it  applicable  to  mining  matters.  Its  use  for  agricultaral 
I)urposes  of  every  kind  has  become  far  more  important  and  beneficial, 
and  more  closely  connected  with  the  welfare  of  the  (u)mmunities  of  the 
West.  Regions  which  were  sterile  and  barren  have,  with  the  applica- 
tion of  irrigation,  been  turned  into  gardens  and  made  to  blossom  as 
the  rose.  Other  regions,  great  in  area  and  in  latent  ])ossibilities,  await 
the  awakening  touch  of  the  magical,  life-giving  waters.  The  fountain 
of  i)erpetual  youth,  in  search  of  which  the  romantic  Spaniard  gave  up 
his  life  when  the  century  was  young,  has  been  found  by  the  practical 
agriculturist  of  the  West,  and  the  dead  i)laiiis  and  deserts,  the  barren 
valleys,  the  uplands  and  hillsides,  for  centuries  covered  with  the  shroud 
of  sagebrush  and  greasewood,  are  now  alive  with  the  beneficent  fruits 
made  possible  by  the  life-giving  waters. 

While  wonders  have  been  worked  in  the  desert  plac(^s  of  the  West 

bj  means  of  irrigation,  the  results  are  infinitesimal  compared  with  what 

remains  to  bo  accomplished  by  the  f u\\  a\\(V  cio\\\\AftU\  \\\\\\7A\.tum  <^i  the 
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resources  wbicli  nature  bas  placed  at  our  disposal.  The  results  already 
obtained  have  been  secured  by  haphazard  methods,  lacking  in  uniform- 
ity and  system.  No  interest  of  the  West  should  be  fostered  by  more 
careful  legislation,  based  upon  full  and  accurate  information  of  condi- 
tions; yet  none  has  more  uncertain,  unsettled,  or  unsatisfactory  laws. 
The  interests  of  the  agriculturists  of  the  West  are  in  the  main  similar, 
and  yet  laws  and  methods  relating  to  irrigation  are  as  diverse  in  char- 
acter in  adjoining  States  as  if  the  two  Commonwealths  were  on  different 
sides  of  the  globe.  The  subject  demands  careful  and  complete  legisla- 
tion, which  shall  define  the  rights  of  all  interested  parties  and  estab- 
lish a  code  of  rules  regulating  them  upon  a  comprehensive  and  just 
basis,  and  which  shall  establish  uniformity  in  all  of  the  irrigated 
region  of  the  continent  without  reference  to  the  artificial  lines  of  State 
boundaries. 

XNTBRSTATS   CONTROVSRSIES. 

Under  the  present  diverse  treatment  of  irrigation  matters  by  the 
several  States  and  Territories  of  the  irrigation  region,  the  lack  of  leg- 
islation in  one  State,  the  radical  difference  between  neighboring  States 
in  determining  and  adjudicating  water  rights,  the  too  liberal  appropria- 
tion of  waters  by  some,  and  the  general  tendency  of  the  residents  of 
one  State  to  disregard  the  rights  of  tbe  citizens  of  another,  all  tend 
toward  x)reventing  the  full  utilization  of  the  waters  of  the  West,  and 
toward  depriving  countless  citizens  of  the  full  enjoyment  of  rights 
which,  under  a  proper  adjustment,  they  could  have  without  prejudice 
to  others. 

This  is  not  a  theory,  but  an  unfortunate  condition  obtaining  in  many 
portions  of  the  West.  Hundreds  of  streams  have  users  of  water  on 
different  sides  of  State  lines,  and  the  rights  of  the  residents  of  one  or 
the  other  of  these  States  are  frequently  infringed  by  their  neighbors 
across  the  State  line.  A  recourse  to  the  courts  in  such  cases  is  expen- 
sive and  troublesome  and  the  litigation  complex  and  lengthy.  It  can 
readily  be  seen  what  endless  confusion  would  result  were  methods  of 
determining  laud  ownership,  or  ownership  of  personal  property,  placed 
upon  such  an  uncertain  and  shifting  footing  as  is  the  ownership  of 
water.  Uniform  laws  and  similar  methods  determine  all  rights  of  real 
and  personal  property.  The  land  laws  of  the  several  States  are 
national  and  general  in  character,  while  in  the  West,  for  the  waters 
which  make  these  lands  valuable,  methods  for  the  determination  of 
water  ownership  and  rights  are  widely  different  across  State  lines. 
Some  States  have  elaborate  systems  of  irrigation  legislation,  while 
others  are  almost  devoid  of  legislation  upon  the  subject. 

NEED  OF  UNIFORM  IRRIGATION  LAW^S. 

The  situation  is,  however,  not  wholly  discouraging.  Irrigation  is 
yet  in  its  primitive  state  in  many  portions  of  the  West,    It  kas*  b^ftsy 
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an  experiineiit  and  lias  not  Hettlc<l  into  definite  lines  that  can  not  be 
changed.  The  chaos  that  exists  is  not  an  unmixed  evil,  in  that  it  is  so 
apparent  that  reform  is  suggested  by  its  prominence.  The  value  of 
water  is  be(M)ming  so  apparent  to  all  that  none  disputes  the  desirability 
of  utilizing  the  full  capacity  of  every  stream,  river,  lake,  and  water 
course.  All  are  beginning  to  recognize  that  this  can  only  be  effected 
by  uniform  legislation,  by  the  accurate  determination  of  the  greatest 
duty  of  water,  by  its  fair  division,  by  the  selection  of  suitable  crops  for 
certain  altitudes,  latitudes,  and  longitudes — in  short,  by  making  irri- 
gation an  exact  science  and  by  x>rotecting  all  of  its  beneficiaries  by 
uniform  and  Just  laws. 

When  this  is  accomplished  the  full  beneficial  use  of  the  water  and 
land  of  the  West  will  have  been  secured  and  the  rights  of  the  people 
to  both  will  be  protected  j  litigation  over  irrigation  rights,  now  threat- 
ening to  overrun  the  courts,  will  be  reduced  to  a  minimum,  and  inter- 
state quarrels,  now  imminent,  will  have  their  cause  removed.  Such  a 
consummation  is  a  possibility.  The  same  general  princi])les  underlie 
and  apply  to  the  use  of  water  for  irrigation  purposes  in  all  parts  of  the 
W^est.  Right  to  the  use  of  water  by  virtue  of  prior  appropriation  and 
the.  necessity  of  devoting  water  to  beneficial  uses  in  order  to  obtain 
ownership  are  generally  recognized  as  underlying  ])rinciples  of  irriga 
tion  law  in  the  West,  and  it  needs  but  uniformity  of  legislation,  uni- 
formity of  executive  methods,  and  uniformity  of  details  of  procedure  in 
acquiring  water  ownership  to  secure  equality  of  rights  and  the  full 
utilization  of  the  resources  i)rovided  by  nature. 

ABROGATION  OF  RIPARIAN  RIGHTS. 

It  was  early  determined  in  the  West  that  the  common-law  doctrine 
concerning  the  use  of  water  of  natural  sources  which  had  been  recog- 
nized and  enforced  by  the  courts  both  in  this  (country  and  in  England 
for  centuries  was  not  applicable  to  conditions  where  either  mining  or 
agriculture  by  irrigation  formed  the  chief  industries.  The  common-law 
doctrine  is  that  the  water  of  permanent  running  streams  and  of  inland 
larkes  is  sacred  to  the  common  use  alil^eof  all  riparian  ]iro])rietorsu];)on 
their  borders.  The  <loctrine  extends  to  navigable  and  unnavigable 
stre^uns  and  lakes  which  are  wholly  inland  and  territorial.  Under  this 
doctrine  each  jjroprietor  may  use  the  water  for  all  reasonable  ])urpose8 
as  it  ])asses  through  or  by  his  land,  but  he  must,  after  its  use,  return  it 
without  substantial  iliniinution  in  <iuantity  or  change  in  (juality  to  its 
bed  or  channel  before  it  leaves  his  own  land,  so  that  it  will  reach  his 
adjacent  i)ro]>rietor  in  its  full,  original,  and  natural  condition.  Priority 
of  use  or  appropriation  by  any  one  projirietor  can  give  him,  under  this 
doctrine,  no  higher  or  more  extensive  rights  than  these,  lie  has  no 
property  in  the  water  itself,  but  simjily  the  use  of  it  while  it  x)asses 
along.  He  can  not  detain  it  or  give  it  another  direction,  nnd  he  must 
return  it  to  its  ordinary  channel  when  it  h»nves  his  estate. 
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ORIGIN  OF  THE  DOCTRINE  OF  APPROPRIATION. 

The  common-law  doctrine^  if  applied  to  mining  and  irrigation,  wonld 
almost  wholly  preclude  these  pursuits.  This  was  recognized  in  the 
early  history  of  the  mining  camps  in  the  placer  regions  of  Oalifornia. 
Remote  from  the  operations  of  law,  customs  and  usages  in  reference 
to  water,  wholly  at  variance  with  the  venerable  tradition  of  the  com- 
mon law,  came  into  use,  and  were  adopted  and  enforced  with  rigor  by 
the  miners.  They  had  thus  a  distinct  creation,  although,  unknown  to 
these  people,  a  precedent  existed  in  the  old  Eoman  law,  which  in  all 
irrigated  regions  did  not  recognize  the  doctrine  of  riparian  rights. 
The  legislature  of  Oalifornia  in  1851  gave  to  these  usages  and  regula- 
tions legal  efficacy  by  enacting  that  <Hhe  customs,  usages,  or  regula- 
tions, established  or  in  force  at  the  bar  or  diggings  embracing 
said  claims,  and  such  customs,  usages,  or  regulations  when  not 
in  conflict  with  the  constitution  and  laws  of  this  State,  shall  gov- 
ern the  decision  of  the  action."  These  mining  customs  or  rules 
were  simple,  and  related  to  the  acquisition  of  "claims"  to  mineral 
laud  and  to  water  for  the  purpose  of  mining,  and  prescribed  the  acts 
necessary  to  constitute  such  an  appropriation  of  a  parcel  of  mineral 
land  or  ])ortion  of  a  stream  as  should  give  the  claimant  a  prior  right 
against  all  others.  In  this  is  the  origin  of  the  doctrine  of  water  rights 
as  settled  in  the  Western  communities.  Water  was  an  indispensable 
requisite  for  carrying  on  mining  operations;  a  permanent  right  to  use 
certain  amounts  of  water  was  as  essential  as  the  permanent  right  to 
occupy  a  certain  parcel  of  mineral  land.  The  streams  and  lakes  were 
all  on  the  public  domain.  It  was  often  necessary  to  divert  water  from 
its  natural  bed  or  course.  From  all  these  circumstances,  and  from  the 
very  necessities  of  the  situation,  it  became  one  of  the  mining  customs 
or  regulations  that  the  right  to  use  a  definite  quantity  of  water,  and 
to  divert  it  if  necessary  from  these  streams  and  lakes,  could  be  acquired 
by  appropriation. 

This  custom  was  soon  approved  by  the  courts,  and  the  doctrine 
became  settled  in  the  Western  States,  in  opposition  to  the  common 
law,  that  a  x)ernianent  property  in  the  water  of  streams  and  Inland 
lakes  upon  the  public  lands  of  the  United  States  may  be  acquired  for 
mining  purposes  by  mere  appropriation;  that  an  appropriator  may 
thus  acquire  the  right  to  divert,  use,  and  consume  a  quantity  of  water 
from  the  natui'al  flow  of  streams  which  may  be  necessary  for  the 
purposes  of  his  mining  operations;  and  that  he  becomes,  so  far  as  he 
has  thus  made  an  actual  appropriation,  the  owner  of  the  water  against 
all  the  world  except  the  United  States  Government.  This  doctrine, 
applied  at  flrst  to  the  operations  of  mining,  was  found  equally  appli- 
cable to  agricultural  interests,  and  has  been  extended  to  this  and  all 
other  beneficial  purposes  for  which  water  may  be  essential. 

The  right  of  property  in  water  thus  settled  by  the  State  courts  availed 
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against  all  i)er8ons  excepting  the  United  States  Government.  This 
liniitatiou  was  soon  removed.  Congress,  by  tbe  act  of  Jaly  26,  1866, 
recognized  a  right  to  water  on  the  pablic  domain,  a<*qnired  by  prior 
ai)propriation,  as  a  substantial  and  valid  right  which  the  Government 
was  bound  to  acknowledge  and  protect.  The  statute  has  been  held  by 
the  United  States  Supreme  Court  to  be  "  a  voluntary  recognition  of  a 
preexisting  right  of  possession,  constituting  a  valid  claim  to  its  con- 
tinued use." 

PRINCIPLES  T77HICH  GK>VXIRN  APPROPRIATIONS  OF  "WATBR. 

From  the  foregoing  it  may  therefore  be  stated  that  the  x)rinciple8 
governing  the  use  of  water  may  be  briefly  summed  up  as  follows: 
While  a  natural  stream  or  lake  is  situated  on  the  public  lands  of  the 
United  States,  within  the  limits  of  a  State,  a  person  may,  under  the 
customs  and  laws  of  a  State  and  the  legislation  of  Congress,  acquire 
by  approx)riation  the  right  to  use  the  waters  thereof  for  beneficial 
uses,  and  to  construct  reservoirs  and  ditches  over  and  upon  the  public 
land.  When  such  a  right  luas  been  acquired  by  prior  approx)riation, 
subsequent  grantees  of  the  public  domain  bordering  upon  the  same 
streamer  lake,  homestead  settlers  and  all  other  purchasers,  take  and 
hold  their  titles  subject  thereto. 

Upon  this  basis  there  may  be  built,  by  the  exercise  of  intelligent 
and  practical  action,  a  comprehensive  system  of  exact  irrigation  juris 
])rudeiice  applicable  to  the  entire  area  of  the  West  in  which  irrigation 
is  a  necessity  or  benefit.  With  this  principle  kept  in  view  before  the 
regulations  and  methods  of  the  several  States  become  irrevocably  fixed, 
there  may  be  established  uniformity  in  methods  of  appropriation; 
uniformity  in  the  executive  administration  of  water  laws;  customs, 
now  conflicting  in  neighboring  States,  may  be  harmonized ;  a  general 
and  equitable  standard  of  the  duty  of  water  established,  and  irriga- 
tion laws,  instead  of  varying  with  every  arid  commonwealth,  may  be  as 
uniform,  simple,  and  as  easily  understood  as  those  governing  the  owner- 
ship of  land. 

IKTERSTATE  WATER  RIGHT  CONTROVERSIES. 

The  controversies  which  already  exist  between  the  water  users  of 
adjoining  States  are  many,  and  with  the  continuous  increase  in  the  use 
of  water  these  controversies  bid  fair  to  become  so  numerous  as  to 
burden  the  courts  with  their  settlement.  Controvertsies  of  this  nature 
now  exist  between  citizens  of  Wyoming  and  Nebraska,  Wyoming  and 
Colorado,  Wyoming  and  Utah,  Wyoming  and  Idaho,  Wyoming  and 
Montana,  Colorado  and  Kansas,  Colorado  and  New  Mexico,  and  in 
fact  between  the  citizens  of  all  contiguous  States  and  Territories  in  the 
irrigated  regions  of  the  West. 

These  controversies  are  assuming  Stat<ninportance.  The  last  Wyo- 
/i;i/i^  legislature  appropriated  funds  to  sustain  a  suit  against  Colorado 


31 

appropriators  of  water  from  streams  flowiDg  from  Colorado  into  Wyo- 
ming, which  it  is  claimed  they  are  unlawfally  diverting.  The  last  legis- 
lature of  Kansas  authorized  the  counties  of  that  State  to  appropriate 
funds  to  protect  in  the  courts  the  rights  of  Eausas  irrigators  to  the 
water  of  streams  flowing  into  Kansas  from  Colorado.  The  Territorial 
legislature  of  New  Mexico  has  appointed  a  commission  to  investigate 
the  question  of  water  supply  for  irrigation  purposes,  with  a  view  to 
protecting  the  interests  of  the  irrigators  of  New  Mexico. 

To  take  up  ancl  discuss  this  endless  list  of  controversies  in  all  of  the 
diverse  conditions  of  the  different  interstate  flowing  streams  would 
make  a  bulletin  too  complex  for  general  use  or  information.  One  stream 
only  will  therefore  be  discussed,  and  one  has  been  selected  which  pre- 
sents within  itself  examx^les  of  these  controversies  in  concrete  form. 
This  is  the  Bear  Biver,  a  stream  which  rises  in  Utah,  crosses  the  south- 
west corner  of  Wyoming,  returns  to' Utah,  returns  again  to  Wyoming, 
leaves  Wyoming  and  enters  Idaho,  where  it  makes  an  abrupt  loop, 
returning  again  to  Utah,  where  it  empties  into  Great  Salt  Lake  at  a 
point  but  little  over  100  miles  from  its  source. 

In  all  of  the  States  traversed  by  this  river  the  settlers  along  its 
course  are  drawing  on  a  common  source  for  water  for  irrigation  pur- 
poses; in  all  is  recognized  the  doctrine  of  the  right  to  use  of  water  by 
virtue  of  prior  appropriation,  and  the  settlers  are  calling  upon  their 
respective  commonwealths  to  protect  that  right.  Yet,  because  these 
rights  have  thus  far  been  left  to  the  settlement  of  State  tribunals  which 
only  exercise  jurisdiction  within  State  boundaries  and  have  no  influence 
beyond,  over  250  distinct  appropriations,  one  representing  an  outlay  of 
$1,000,000,  are  as  absolutely  without  specific  regulation  as  if  there  were 
no  irrigation  laws.  And  while  it  is  true  that  the  courts  may  in  time  be 
invoked  in  litigation,  yet  a  decision  regarding  priorities  across  State  lines 
will  not  open  head  gates  across  State  lines  when  the  stream  rises  enough 
to  give  water  for  all  or  close  them  when  water  is  scarce.  That  needs  an 
officer  with  specific  duties.  It  would  be  just  as  easy  to  conduct  a  city 
water  plant  without  an  engineer  to  run  the  pump  as  to  try  to  enforce 
priorities  across  State  lines  without  some  authorized  official  to  open 
and  close  gates.  There  is  now  no  United  States  or  State  law  to  cor- 
rect this  need. 

Some  Wyoming  irrigators  along  the  stream  have  taken  advantage  of 
these  conditions,  and  in  order  to  avoid  the  enforcement  of  priorities  in 
Wyoming  have  built  the  head  gates  of  their  ditches  just  across  the 
State  line  in  Utah. 

DIFFERENCE  BETTVEEN  TVATER-RIGHT  RECORDS  IN  STATES 

CONCERNED. 

A  great  many  of  the  irrigators  who  are  taking  water  from  this 
stream  and  experiencing  this  unsatisfactory  condition  of  affairs  have 
called  for  a  remedy,  and  have  urged  a  division  and  adjudication  of  tha 


waters  of  the  entire  Htream.  But  when  authority  is  sought  to  make 
such  a  study  of  the  stream  as  is  necessary  for  such  a  division  and 
adjudication  it  is  found  that  there  must  be  some  legislation  to  bring 
the  rights  of  the  irrigators  and  the  methods  of  enforcing  them  into 
harmony. 

Some  perplexing  problems  will  have  to  be  solved  before  such  division 
and  adjudicsition  as  suggested  can  be  effected.  All  agree  that  priority 
of  appropriation  and  devotion  of  water  so  api^ropriated  to  beneOoial 
use  establishes  the  right  of  the  apx)ropriator.  But  before  there  can  be 
any  division  of  the  waters  on  a  just  basis  it  must  be  known  when  and 
how  the  rights  of  the  individual  appropriators  were  acquired. 

In  commencing  to  make  such  division  the  following  situation  would 
be  confronted : 

In  Wyoming  certain  requirements  in  reference  to  recording  ditches 
are  observed.  An  examination  o*f  the  oilicial  records  of  a  body  estab- 
lished by  State  law  and  known  as  the  State  board  of  control  will  dis- 
close the  date  of  appropriation,  the  object,  and  the  amount  of  water  to 
which  the  appro])riator  is  entitled. 

In  Utah  there  is  no  general  record  of  such  rights  and  no  common 
X)lace  of  record.  Whatever  records  there  are  in  Utah  of  rights 
iicquired  ]>rior  to  the  passage  of  the  law  of  1897  are  voluntary  oneSy 
made  by  api>ropriators  with  county  ollicers.  There  is  no  examination 
by  authorized  oflicials  to  determine  if  the  records  are  in  accord  with 
facts,  and  such  records  as  are  nisule  do  not  always  give  a  correct  and 
complete  history  of  the  existing  situation.  The  Utali  records  of  the 
Bear  liiver  appropriations  are  scattered  among  four  counties,  and  in 
order  to  determine  the  status  of  contiguous  water  users  at  various 
places  on  the  stream  all  of  the  four  county  seats  must  be  visited. 

The  second  State  legislature  of  Utah  i)assed  an  a(^t  rciiuiring  that 
all  persons  intending  to  construct  irrigation  works  must  post  a  notice 
at  the  head  gate  and  record  a  statement  of  claim  in  the  office  of  the 
county  clerk.  The  same  act  also  provides  for  the  rec'ording  of  claims 
existing  at  the  time  of  its  passage.  This  clause  was  made  inoi>erative 
by  tlie  following  i)roviso:  "That  a  failure  to  comply  with  the  reciuire- 
ments  of  this  s(H;tion  shall  in  no  wise  work  a  forfeiture  of  such  hereto- 
fore ac(iuired  rights  or  }>revent  any  such  chiimant  from  establishing^ 
such  rights  in  the  courts."  By  reference  to  tlie  map  it  may  be  seen 
that  even  though  the  records  of  Utah  were  faithfully  kept  they  would 
do  no  good  above  Bear  Lake,  because  Idaho  intervenes. 

In  Idaho  the  situation  is  somewhat  similar  to  that  in  Utah.  The 
records  of  appropriations  are  in  the  several  cx)unties  and  are  subject  to 
no  general  rule  as  to  form  and  method  of  kce])ing.  The  recorded 
claims  diil'er  in  various  counties  as  to  the  unit  of  measure  employed, 
and  the  amount  of  water  claimed  depends  largely  u])on  the  desires  of 
the  claimant.  There  is  no  system  of  adjudication  or  record  emi)]oyed 
jn  the  State,  and  there  is  general  complaint  that  no  one  can  enjoy  the 
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ownership  of  water  safflcient  to  render  bis  farm  x>ermanently  prodao- 
tive  until  his  rights  have  been  tested  by  lawsuits.  The  records 
become  encumbered  with  imperfect  water-right  locations,  many  of  the 
papers  recorded  failing  to  state  necessary  facts  to  constitute  an  intelli- 
gible record.  The  records,  being  in  the  various  county  seats,  are 
widely  scattered,  and  the  failure  to  require  any  submission  of  proof  of 
compliance  with  the  law  after  the  recording  of  the  notices  of  claim 
renders  the  records  useless  for  the  purpose  of  determination  of  per- 
fected appropriations. 

DIFFBRENCE  IN  CHARACTBR  OF  RIQHTS. 

It  may  therefore  be  readily  seen  that  at  the  outset  the  claims  of 
appropriators  of  water  from  the  Bear  River  on  record  could  not  be 
taken  as  a  basis  for  the  equitable  division  of  its  waters. 

If  an  effort  should  be  made  to  go  further  and  to  determine  what  the 
actual  rights  of  the  people  are  who  are  using  the  waters  of  the  stream, 
the  first  step  would  be  the  establishment  of  a  standard  by  which  these 
rights  might  be  measured.  If  a  right  be  determined  by  the  size  of  the 
ditch  built  by  the  Idaho  appropriator,  this  should  also  determine  the 
rights  of  the  appropriators  in  the  other  two  States.  If  it  is  deter- 
mined in  Wyoming  by  the  acreage  which  has  been  irrigated,  or  the 
needs  of  that  acreage,  the  same  standard  should  be  employed  iu  Idaho 
and  Utah.  There  could  never  be  a  liarmonious  and  jast  division  of  the 
waters  of  the  stream  across  State  lines,  no  matter  by  what  authority 
divided,  if  in  Wyoming  rights  should  continue  to  be  measured  by  the 
acreage  irrigated,  and  in  Idaho  and  Utah  such  rights  should  be  meas- 
ured by  the  size  of  the  ditch  whether  any  acreage  is  irrigated  or  not. 
As  a  matter  of  fact,  au  examination  of  the  irrigation  statutes  of  these 
three  States  will  show  that  the  laws  of  Wyoming  do  not  recognize  any 
but  usufructory  rights,  and  the  water  appropriated  for  irrigation  is 
measured  by  the  acreage  upon  which  it  is  to  be  used  and  the  necessi 
ties  of  that  acreage.  While  not  settled  by  the  courts  of  last  resort  of 
the  State,  so  far  as  the  administration  of  the  irrigation  laws  is  con- 
cerned ownership  of  water  is  held  to  be  inseparable  from  that  of  the 
land  to  which  it  appertains.  In  Utah  rights  to  water  can  be  acquired 
for  purposes  of  sale,  and  water  is  declared  by  statute  to  be  personal 
property.  The  courts  of  the  State  have-  held  that  water  ownership  can 
be  separated  from  land  ownership,  and  thus  it  is  made  a  separate  or 
floating  right.  In  Idaho  there  has  been  no  settlement  of  these  matters, 
and  there  is  no  degree  of  certainty  as  to  what  a  water  right  really  is, 
or  whether  once  acquired  it  is  attachable  to  any  part  of  the  land  it  is 
desired  to  water,  or  is  movable  at  will  up  or  down  stream. 

DIFFERENCE  IN  TRIBUNALS  T77HICH  DETERMINE  RIGHTS. 

If  an  attempt  should  be  made  to  divide  the  waters  of  the  Bear  Biver 
equitably,  regardless  of  State  boundary  lines  and  upon  a  common 
standard  of  measurement,  such  divisvoii  N?ow\flL  \xais^\.Q  \>^\sv?A^\s^  -^ 
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tribunal  which  shoald  establish  and  a^adicate  the  various  rights  in 
accordance  with  the  laws  of  the  respective  States  throngh  and  in  which 
the  waters  of  the  stream  flow.  Gould  such  a  tribunal  be  agreed  upon 
is  a  doubtful  question. 

In  Wyoming  the  executive  authority  for  dividing  and  a^udicating 
the  waters  of  the  river  is  the  State  board  of  control,  a  member  of  which 
collects  the  testimony  of  all  who  use  the  waters  of  the  stream,  obtaining 
facts  as  to  dates  of  construction  of  ditches,  size  of  ditches,  time  of  first 
appropriation  by  each  user,  and  acreage  irrigated  by  each,  and  the 
waters  are  divided  as  equitably  as  may  be  possible  with  this  information 
as  the  basis  for  making  the  division. 

In  Utah  there  is  no  tribunal  by  which  the  waters  of  the  stream  may 
be  divided  other  than  the  coui1»,  and  rights  are  determined  by  an 
ordinary  suit  at  law  between  claimants. 

In  Idaho,  if  a  dispute  arises,  the  courts  must  be  appealed  to  for  a 
division  of  water  among  irrigators. 

In  order  to  effect  a  satisfactory  division,  the  tribunal  making  it  must 
meet  the  ideas  and  prejudices  of  the  people  to  be  governed  by  itB 
decisions,  and  in  all  the  steps  to  be  effected  their  views  must  be  con- 
formed to  in  as  hirge  a  degree  as  possible.  With  the  records  of  prior* 
ities  and  amounts  of  appropriations  at  hand,  and  with  a  uniform 
standard  of  measurement  established,  the  question  still  remains:  Is  it 
feasible  to  get  the  people  of  the  several  States  to  agree  upon  any  uni- 
form method  of  supervision  f 

As  conditions  now  exist,  with  water  users  working  out  these  vari- 
ous problems  within  the  borders  of  their  own  States,  and  the  methods 
and  forms  of  procedure  of  these  States  far  apart  in  irrigation  mat- 
ters, the  efforts  to  draw  them  closer  together  will  necessarily  work 
injury  to  some  individuals.  The  number  injured,  however,  will  cer- 
tainly be  smaller  if  the  efforts  are  made  in  the  immediate  future  than 
if  put  off  to  some  distant  date. 

EVILS  OF  LITiaATION  OVER  WATER  RIQHTS. 

No  case  involving  contests  between  residents  of  adjoining  States  for 
the  right  to  use  the  waters  of  a  stream  flowing  in  or  through  both 
States  has  as  yet  reached  ultimate  and  flnal  decision -in  the  courts. 
This  is  due  in  a  measure  to  the  fact  that  such  litigation  is  extremely 
expensive,  tedious,  and  vexatious,  involving  a  final  appeal  to  the  United 
States  Supreme  Oonrt;  that  the  pioneers  in  irrigation  have  been  gener- 
ally settlers  of  small  means,  who  have  preferred  submitting  to  injustice 
rather  than  become  involved  in  legal  controversies  likely  to  absorb  a 
goodly  portion  of  their  belongings;  and  that  the  absence  of  irrigation 
laws  in  many  of  the  irrigated  States  has  given  license  to  might  rather 
than  right  in  the  settlement  of  water-rights  controversies.  Even  States 
the  interests  of  whose  citizens  have  been  encroached  upon  by  the  citi- 
zens of  adjoining  States  have  been  slow  to  plunge  into  legal  contro- 
versies, and  have  allowed  their  citizens  to  suffer  without  an  eftbrt  to 
afford  tbem  the  protection  to  which  they  should  be  entitled. 
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This  state  of  afbirs,  it  is  self-evident,  can  not  oontinne  much  longer. 
The  rapidly  increasing  importance  of  irrigation  interests,  the  necessity 
of  securing  the  greatest  service  from  the  waters  of  all  streams,  and  th^ 
need  of  protection  for  vested  rights,  all  tend  to  make  it  imperative 
that  a  remedy  mnst  soon  be  found  either  in  the  courts  or  in  the  State 
or  National  legislatures. 

CASE  OF  HO^WULI.  v.  JOHNSON. 

The  extent  to  which  settlement  of  interstate  rights  to  water  has  been 
reached  by  the  courts  is  found  in  the  case  of  Howell  v.  Johnson  et  al. 
(89  Fed.,  556),  in  which  a  decision  was  recently  rendered  in  the  United 
States  circuit  court  for  the  district  of  Montana  by  Hon.  Hiram  Knowles, 
district  judge. 

The  decision  is  as  follows : 

The  plaintiff  iu  a  citizen  of  the  State  of  WyomiDg.  The  defendants  are  all  citizens 
of  the  State  of  Montana.  In  his  bill  of  complaint  the  plaintiff  sets  forth  that  he  is 
the  owner  of  certain  lands  in  the  State  of  Wyoming,  And  that,  for  the  purposes  of 
irrigating  the  same,  he  appropriated  certain  waters  of  a  creek  called  **  Sage  Creek.'' 
This  creek  has  itssonrces  in  Montana,  and  flows  for  some  distance  within  its  bound- 
aries before  it  enters  the  State  of  Wyoming.  Plaintiff's  ditch  and  point  of  diver- 
sion of  said  waters  are  both  within  the  last-named  State.  Defendants  settled  along 
the  line  of  said  creek,  in  Montana,  subsequent  to  the  appropriation  of  plaintiff,  and 
in  said  State  have  diverted,  it  is  aUeged,  the  waters  of  the  said  creek,  and  prevented 
the  same  from  flowing  down  to  plaintiff's  ditch  and  land.  Plaintifl'  has  sued  defend- 
ants in  this  court,  and  asks  to  have  them  enjoined  from  so  diverting  said  waters. 
Defendants  have  filed  a  demurrer  to  this  bill. 

The  points  presented  in  this  demurrer  are  that  plaintiff,  having  a  water  right 
acquired  under  and  by  virtue  of  the  laws  of  Wyoming,  can  not  come  into  this  court 
to  enforce  the  same.  It  is  also  claimed  that  the  rights  pertaining  to  this  water  are 
under  the  coiHrol  of  the  legislative  power  of  Montana. 

Considering  the  first  point,  it  is  urged  that  the  right  of  plaintiff,  being  acquired 
under  and  by  virtue  of  the  laws  of  the  State  of  Wyoming,  can  be  enforced  only  as  to 
citizens  of  Wyoming,  and  not  against  citizens  of  Montana,  who  have  diverted  water 
only  in  Montana.  Is  the  right  claimed  by  plaintiff  one  which  accrues  only  by  virtue 
of  the  laws  of  Wyomiugf  Plaintiff  alleges  that  he  made  his  appropriation  of  the 
waters  of  said  creek  in  accordance  with  the  laws  of  Wyoming  and  Montana.  Allow- 
ing that  there  could  be  no  appropriation  of  the  waters  of  said  creek  made  in 
Wyoming  under  or  by  virtue  of  the  laws  of  Montana,  still  the  allegation  that  the 
appropriation  was  made  under  the  laws  of  Wyoming  remains.  According  to  the 
bill  plaintiff's  appropriation  was  made  on  the  1st  day  of  August,  1890.  At  that 
date  sections  2339  and  2340  of  the  Bevised  Statutes  were  in  force.    They  provided : 

"Whenever,  by  priority  of  possession,  rights  to  the  use  of  wat^r  for  mining,  agri- 
cultural, manufacturing,  or  other  purposes,  have  vested  and  accrued,  and  the  same 
are  recognized  and  acknowledged  by  the  local  customs,  laws,  and  the  decisions  of 
courts,  the  possessors  and  owners  of  such  vested  rights  shall  be  maintained  and  pro- 
tected in  the  same;  and  the  right  of  way  for  the  construction  of  ditches  and  canals 
for  tLe  pnrposes  herein  specified  is  acknowledged  and  confirmed;  but  whenever  any 
person,  in  the  construction  of  any  ditch  or  canal,  injures  or  damages  the  possession 
of  any  settler  on  the  public  domain,  the  party  committing  such  injury  or  damage 
shall  be  liable  to  the  party  injured  for  such  ipjury  or  damage.  All  patents  granted, 
or  preemption  or  homesteads  allowed,  shall  be  subject  to  any  vested  and  accrued 
water  rights,  or  rights  to  ditches  and  reservoirs  used  in  connection  with  such  water 
rights,  as  may  have  been  acquired  under  or  recognized  by  the  '^t«eftk^im%^^<£M\n^r 
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In  the  cafle  of  Basey  r.  Gallagher  (20  Wall., 670),  the  Supreme  Conrt  mid  in  regard 
to  this  act:  ''The  act  of  Congress  of  1KIj6  recognized  the  right  to  water  by  prior 
appropriation  for  agricultural  and  manufacturing  i)nrpose8  as  well  as  mining;"  and 
also  derideil  that  if  tho  right  to  appropriate  water  for  any  of  the  purpotes  named 
was  rerogni/ed  hy  either  local  customs,  or  by  the  legislation  of  any  State  or  Terri- 
tory, or  by  the  decisions  of  the  court,  it  would  1>e  Knfflciont.  The  allegation  in  the 
bill  thnt  the  water  wuh  appropriated  under  the  laws  of  tho  State  of  Wyoming  wnnld 
meet  the  r(*(|uiremeuts  of  the  said  act  of  Congress.  Up  to  the  ]>aHHage  of  the  aaid 
act  of  18(k),  the  right  of  the  prior  appropriator  to  use  water,  for  any  of  the  pnrpoeea 
above  named,  had,  in  the  arid  and  mining  regions  of  the  West,  been  recognized  as 
against  any  other  person  claiming  the  same,  but  not  as  against  the  National  Govern- 
mont.  This  net,  coupled  with  the  net  of  July  9, 1H70,  embo<lied  in  said  section  2340, 
rceognize<l  tho  right  of  the  ]irior  a]>proprintor  of  water  u]ion  the  public  domain, 
oven  as  against  the  United  States  and  its  grantees,  if  said  approiiriation  was  author- 
ized by  the  Htatut<^  of  the  State  where  the  appropriation  was  made.  ( Black's  Pom. 
Water  Rights,  No.  25 ;  Osgood  r.  Mining  Co.,  56  (*al.,  571.)  Tho  rights  of  the  plaintiff 
do  not,  therefore,  rest  u])on  the  laws  of  Wyoming,  but  upon  the  laws  of  Congreaa. 

The  legislative  enactment  of  Wyoming  wan  only  a  condition  A\hich  brought  the 
law  of  Congress  int<»  force.  The  National  (Government  is  tho  pn>prietor  and  owner 
of  all  the  land  in  Wyoming  and  Montunn  whieh  it  ban  not  sold  or  granted  to 
some  one  competent  to  take  and  hold  the  same.  Being  the  owner  of  these  lands,  it 
has  the  power  to  sell  or  dispose  of  any  estate  thert*in  or  any  part  thereof.  The 
water  in  an  nnnavigable  stream  flowing  over  tho  public  dcunain  \h  a  part  thereof, 
and  the  National  Government  can  Hell  or  grant  the  name,  or  the  use  thereof,  aepft- 
rate  fmni  the  rest  of  tho  estiite,  under  such  conditions  as  may  to  it  seem  ]iroper. 

In  Black's  Pom.  Water  Kiglit^*,  No.  32,  it  is  sai<l : 

''As  tho  Federal  Government,  in  conveying  any  particular  ]>ortion  of  its  pnblie 
domain  within  a  Stute  to  a  particular  grantor,  may,  as  ]»roprietor,  annex  any  con- 
dition to  the  conveyance  ho  that  the  title  will  he  taken  and  held  Kubject  thereto,  ao 
it  may,  by  Congrcsnionnl  legislation,  adopt  any  generiil  conditions  n])on  the  use  of 
tho  public  domain  to  all  persons,  or  upon  all  pei'Hons,  who  accpiire  title  to  portiona 
of  the  public  domain  from  the  Government,  and  tho  title  ho  acquired  will  be  held  by 
the  grantees  thereof,  subject  to  such  conditionn  an<l  limitati<ms.  Thus,  Congreaa 
may  provide  by  general  st-atute  for  a  right  of  wiiy  over  the  ]Miblic  lands  unsold  for 
tho  dit-ches  and  canals  of  those  who  have  made  a  prior  a]>propriiition  of  water, 
and  that  all  grantees  who  subse4|uently  acquire  portions  of  this  land  Hhall  take  and 
hold  their  tithes  Htibject  to  such  existing  right  of  way,  or  thnt  all  grant<oes  of  publlo 
lands  bordering  upon  a  stream  shall  take  and  hold  their  titles  subject  to  any  prerl- 
ously  existing  appropriation  of  its  wuterH." 

These  views  are  supported  by  the  case  of  Mining  Co.  r.  Ferris,  2  Sawy.,  ITB,  Fed. 
Cas.  No.  14371. 

The  Federal  (iovernnient  is  not  restrained  in  the  diR]iosal  of  ite  lands  by  State 
lawH  or  State  lines.  Its  laws  upon  this  subject  apply  to  tho  lands  in  one  State  as 
well  as  another.  It  has  made  grants  of  land  extending  through  several  St;ites.  The 
State  governments  can  not  restrict  it  in  the  primary  disjmsal  of  its  lands.  If  it  may 
sell  an<1  dispose  of  it«  land  us  it  may  deem  ]iroper,  there  is  no  reason  why  it  may  not 
sell  a  part  thereof  as  incident  thereto,  snch  as  the  uhc  of  water  flowing  over  the 
same.  That  it  has  tho  same  right  as  any  real  estate  ]»roprietor  would  lie  self-evident. 
It  is  apparent,  then,  according  to  the  allegations  of  the  bill,  that  plaintitV  acquired 
rights  ])y  a]>propriation  in  Sago  Creek  to  which  all  who  have  acquired  lands  upon 
tho  same,  or  water  rights  (heroin,  subject  to  his  ap]iropriation,  must  be  subordinate. 
His  rights  have  the  sanction  of  tho  Federal  Government. 

It  is  urged  that  in  some  way  the  StAto  of  Montana  has  some  right  in  these  waters 
in  Sage  Crook  or  some  control  over  the  same.  It  never  purchased  them;  it  never 
owned  them.  In  support  of  this  view,  the  court  is  cited  to  n  great  many  decisions 
which  apply  to  navigable  rivers  and  lakes  and  tide  waters.     Hero  wo  approach  a 
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different  snljijeot.  ~  There  is  no  claim  that  Sage  Creek  is  a  navigable  stream.  A  State, 
upon  its  admission  into  the  Union,  acquires,  by  virtue  of  its  sovereign  powers,  the 
title  to  the  beds  of  all  navigable  rivers,  lakes,  and  tide  waters  within  its  boun- 
daries, subject,  however,  to  its  rights  of  commerce  and  navigation.  This  title  gives 
it,  to  some  extent,  a  control  over  the  waters  of  such  rivers  and  lakes  and  the  power 
to  establish  and  determine  what  shall  be  the  riparian  rights  which  shall  pertain  to 
those  who  hold  the  title  to  lands  bordering  on  the  same.  The  case  of  St.  Anthony 
Falls  Water  Power  Company  r.  Board  of  Water  Commissioners  of  St.  Paul,  decided 
November  29, 1897,  by  the  Supreme  Court  (18  Sup.  Ct.,  157),  was  one  which  pertained 
to  the  rights  of  the  plaintiff  in  that  case  as  the  owner  of  lands  upon  the  borders  or 
banks  of  the  Mississippi  River.  This  river  was  held  to  be  a  navigable  stream,  and 
all  of  the  rights  of  the  State  of  Minnesota  grew  out  of  that  fact.  In  that  case  it 
was  held  that  the  riparian  rights  of  the  owner  of  land  bounded  by  any  navigable 
river  depended  upon  the  laws  of  the  State  where  such  land  was  located.  In  that 
case  it  was  not  held,  uor  was  it  held  in  any  of  the  cases  cited  in  the  decision  therein, 
that  the  rights  of  the  owner  of  the  land  through  which  any  innavigable  stream 
flowed  within  the  boundaries  of  any  State  depended  upon  the  laws  of  such  State, 
or  that  the  said  owner's  right  to  such  water  depended  upon  such  laws,  as  against  one 
who  claimed  a  right  to  the  same  under  the  laws  of  Congress.  To  so  hold  would 
uphold  the  view  that  a  State  might  interfere  with  the  primary  disposal  of  the  land 
of  the  Federal  Government.  When  a  party  has  obtained  title  to  property  ft'om  the 
National  Government,  the  State  government  has  no  right  to  destroy  that  title,  except 
under  the  power  of  eminent  domain.  The  State  of  Montana  can  not  step  in  and  say, 
''The  right  to  the  water  of  Sage  Creek,  which  the  plaintiff  acquired  under  the  laws 
of  Congress,  you  can  not  exercise  in  this  State."  This  would  be  the  taking  of  the 
plaintiff's  property  A*om  him  without  due  process  of  law.  It  is  a  recognized  rule  of 
law  that  a  person  who  has  appropriated  water  at  a  certain  point  in  a  stream  is  enti- 
tled to  have  ro  much  of  the  waters  of  said  stream  as  he  appropriated  flow  down  to 
him  to  the  point  of  his  diversion.  The  defendants,  according  to  the  allegations  in 
the  bill,  are  violating  this  rule,  and  should  be  enjoined. 

The  idea  that  there  can  arise  any  international  water- right  question  in  the  case  of 
the  waters  of  an  innavigable  stream  can  not  be  maintained,  fhe  right  to  such 
waters,  after  the  National  Government  has  disposed  of  them,  must  always  be  a  pri- 
vate question.    For  these  reasons  the  demurrer  in  this  case  is  overruled. 

The  correctness  of  the  reasons  upon  which  the  decision  is  based  iii 
this  case  is  denied  by  many  lawyers  in  the  West  who  have  given  much 
attention  to  water-right  law.  In  the  case  (cited  above)  of  Basey  v, 
Gallagher  (20  Wall.,  671)  Mr.  Justice  Field,  of  the  United  States  Supreme 
Gourt,  stated : 

The  act  of  Congress  of  1866  recognizes  the  right  of  water  by  prior  appropriation 
for  agricnltural  and  manufacturing  purposes  as  well  as  for  mining.  ^  *  *  It  is 
evident  that  Congress  intended,  although  the  language  used  is  not  happy,  to  recog- 
nize as  valid  the  customary  law  with  respect  to  the  use  of  water,  which  heA  grown 
up  among  the  occupants  of  the  public  land  under  the  peculiar  uecdssities  of  their 
condition. 

The  constitution  of  the  State  of  Wyoming,  Article  No,  VIII,  section 
1,  declares:  '<The  water  of  all  natural  streams,  springs,  lakes,  or  other 
collections  of  still  water,  within  the  boundaries  of  the  State,  are  hereby 
declared  to  be  the  property  of  the  State,''  and  the  act  of  Congress, 
approved  July  10, 1890,  admitting  the  Territory  of  Wyoming  to  state- 
hood, accepted,  ratified,  and  confirmed  this  constitution  as  being 
"republican  in  form  and  is  in  conformity  with  the  Gonstitntion  of  the 
United  States." 
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The  complete  reoognition  of  the  principles  which  Jadges  Enowlee 
I  lays  down  as  the  reasons  for  his  decision  in  this  case  would  mean  the 

total  disorganization  of  existing  systems  in  the  irrigated  States,  the 
overturning  of  constitutional  rights,  and  the  reversal  of  the  decisiomi 
of  the  courts  which  have  held  generally  that  Congress,  by  the  act  of 
I  1866,  has  surrendered  sovereign  proprietorship  in  the  waters  of  natural 

streams. 

HEED  OF  CL08EE  APPEOACH  TO  VHIFOEMITT  IV  STATE  LAWI. 

That  an  undesirable,  deplorable,  and  even  dangerous  state  of  affairSi 
in  reference  to  water  rights  along  interstate  streams,  exists  in  the  ini- 
gated  regions  of  the  West  by  reason  of  diverse,  nonuniform,  and  inoom- 
plete  irrigation  legislation  is  evident.  That  this  state  of  affairs  if  not 
improved  will  become,  by  reason  of  the  rapidly  enlarging  number  of 
individuals  aad  the  increasing  value  of  interests  affected,  more  unde- 
sirable, more  deplorable,  and  more  dangerous,  is  absolutely  certain.  It 
is  also  certain  that  a  continuation  of  present  conditions  will  retard  the 
growth  of  irrigation  interests,  render  property  the  value  of  which 
depends  upon  irrigation  less  valuable  by  reason  of  the  uncertain  tenure 
and  instability  of  water  rights,  and  will  be  generally  detrimental  to  the 
welfare  of  the  people  of  the  West,  vitally  interested  as  they  are  in 
proper  and  equitable  irrigation  laws. 
Thinking  men,  devoted  to  the  work  of  securing  for  the  West  permft- 
1  neut  welfare  and  prosperity,  seek  a  remedy  which  shall  improve  the 

present  unsatisfactory  conditions  in  this  great  factor  of  Western  devel* 
opment.  Whether  a  practical  remedy  can  be  found  and  made  eft'ectiTe 
so  as  to  secure  desired  results  is  a  question  hard  of  solution.  In  the 
establishment  of  law  and  rules  of  society  individual  natural  rights  aie 
relinquished  voluntarily  in  order  that  a  measure  of  uniformity  may  be 
reached  by  which  all  may  be  benefited  and  protected,  and  all  legislation 
under  forms  of  self-government  carries  with  it  the  idea  of  sacrifice  upon 
the  part  of  the  governed  in  order  to  make  such  legislation  effective. 
To  establish  uniform  irrigation  laws  which  shall  apply  to  the  entue 
arid  West,  the  rights  of  many  individuals  which  have  been  secured  by 
reason  of  too  liberal  provisions  of  tlie  laws  of  the  State  in  which  they 
happen  to  reside,  or  by  the  absence  of  all  irrigation  laws,  or  through 
other  causes,  would  doubtless  be  encroached  ui>on  by  the  formation  of 
a  general  system  which  might  demand  concessions  from  one  State  to 
meet  the  requirements  of  an  adjoining  one.  In  fact  there  might  and 
doubtless  would  be  entire  communities  called  upon  to  make  sacrifices 
in  order  to  establish  a  general  law  or  system  for  the  good  of  all.  But 
the  number  of  persons  who  might  suffer  at  this  time,  or  at  some  time 
in  the  immediate  future,  by  reason  of  changes  which  might  be  ueces- 
I  sary  in  the  laws  of  the  State  in  which  they  live,  is  infinitely  small  com- 

I  pared  with  the  number  who  suffer  from  the  imperfections  of  the  present 

'  i  system,  or  with  the  number  who  would  have  to  make  concessions  from 

^  acquired  rights  should  action  in  this  direction  be  deferred  for  any  con* 
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siderable  time.  Consequently  the  earlier  an  earnest  effort  is  made  to 
efi'ect  a  radical  change  in  the  direction  of  reform  and  toward  the  estab- 
lishment of  a  general  system  of  water-rights  law  in  the  irrigated  regions 
of  the  country  the  le^s  opposition  is  likely  to  be  encountered  from  indi- 
viduals,  communities,  or  States;  and  the  earlier  action  is  taken  the  less 
the  friction  will  be  from  the  ensuing  changes. 

NATIONAL  LEGISLATION. 

An  adequate  remedy  through  national  legislation,  it  is  to  be  feared, 
is  out  of  the  question.  The  General  Government,  by  act  of  Congress 
of  July  26, 1866,  formally  withdrew  from  interference  with  local  cus- 
toms, laws  and  decisions  of  courts  relative  to  the  use  of  the  waters  of 
nonnavigable  streams.  The  Territories  admitted  to  statehood  subse- 
quent to  that  act  have  embodied  its  general  provisions  in  their  consti- 
tutions, which  have  been  approved  by  Congress  by  the  terms  of  the 
various  acts  of  admission.  Any  general  legislation  by  the  National 
Congress  relative  to  water  rights  would  mean  an  upheaval  too  great 
and  too  &r-reaching  to  be  practical.  It  would  mean  that  a  number  of 
the  States  would  have  to  make  changes,  not  only  in  their  laws,  but  in 
their  constitutions,  and  would  overturn  the  long  line  of  established 
practice  and  decisions  of  the  courts  in  dealing  with  this  question. 

The  waters  of  natural  streams  within  the  boundaries  of  the  several 
States  in  the  irrigated  regions  being,  by  virtue  of  constitutional  pro\a- 
sion,  by  the  abandonment  of  control  by  the  General  Government,  or 
by  usage  or  the  decisions  of  courts,  the  sole  property  and  under  exclu- 
sive control  of  these  States,  it  is  clear  that  reform  of  evils  which  exist 
by  reason  of  defective  legislation  in  these  States,  or  by  reason  of  lack 
of  all  legislation,  can  only  be  effected  by  proper  legislation  on  the  part 
of  the  legislative  branch  of  the  governments  of  these  States.  It  is 
clear,  too,  that  reform  can  not  be  effected  unless  the  several  States,  in 
forming  new  legislation  or  correcting  that  which  already  exists,  take 
into  consideration  the  rights  of  the  citizens  of  neighboring  States  as 
wen  as  the  rights  of  their  own  people.  No  uniformity  can  be  secured 
if  legislation  continues  in  the  future,  as  in  the  past,  to  be  enacted  for 
the  benefit  of  individuals  or  local  communities  and  not  of  such  general 
nature  as  to  make  it  applicable  to  the  great  body  of  irrigators  of  the 
entire  area  of  irrigated  lands. 

Reform  in  this  matter  can  not  well  be  accomplished  by  arbitrary 
action  ux)on  the  part  of  State  governments,  but  must  \.^  accompanied 
by  an  educational  movement  which  will  convince  irrigators  that 
proposed  legislative  changes  are  practicable  and  desirable. 

CONVENTION  TO  CONSIDER  UNIFORM  LATVS. 

As  reform  must  in  the  main  come  from  the  voluntary  action  of  the 
States,  and  as  it  is,  without  much  question,  the  general  desire  of  the 
residents  of  the  irrigated  regions  of  the  West  that  some  such  ^Va?^^:^^ 
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voluntary  legislative  procedure  be  tried  in  order  that  reform  in  this 
important  matter  may  be  secured,  a  plan  is  suggested,  which,  if 
adopted,  may  be  the  means  of  consummating  uniformity  of  legislation 
upon  water-right  questions  in  the  West.  It  is  that  the  governor  ot 
each  State  and  Territory  in  the  irrigated  region  axtpoint  two  commis- 
sioners, one  to  be  the  State  or  Territorial  engineer,  or  the  officer  whose 
position  most  closely  conforms  to  that  of  State  engineer,  and  one  prac 
tical  irrigator,  engaged  in  irrigation.  The  commissioners  to  meet  at 
some  convenient  place  within  six  months  from  the  time  of  their 
appointment  and  formulate  a  system  of  irrigation  laws  for  each  State 
and  Territory  so  re[)rcsented,  conforming  as  closely  as  may  be  ix>ssible 
to  a  general  co<le,  varying  from  this  to  meet  lo<;al  conditions  where 
necessary;  the  system  adopted  for  each  State  to  embody  general  and 
uniform  methods  of  recording,  a  general  standard  of  measurement  of 
water  rights,  and  general  provisions  providing  for  a<1Judication  of  the 
waters  of  interstate  streams;  and  the  system  so  adopted  to  be  sub- 
mitted to  the  legislatures  of  the  various  States  and  Territories  at  their 
next  succeeding  session,  and  recommended  for  adoption. 

While  the  adoption  of  this  plan  might  not  he  followed  by  immediate 
and  complete  reform  in  the  matter  of  water  rights  legislation,  it  might 
possibly  be  the  stepping-stone  to  BU(!ii  reform.  Annual  congresses, 
such  as  the  trans-Mississippi,  the  irrigation,  and  similar  meetings,  are 
held  for  the  puriK)seof  inlluencing  national  legislation  upon  matters  of 
general  interest  to  the  West.  It  seems  reasonable  to  supi)ose  that  the 
recommendations  of  a  convention  composed  of  practical  irrigators  and 
irrigation  experts,  upon  a  ([uestion  of  imme<liate  and  vital  importance 
to  every  State  and  Territory  within  the  irrigation  district,  would  carry 
great  weight  with  the  lawnmking  bodies  of  tliese  States  and  Terri- 
tories. It  is  xM)ssible  that  but  lew  of  the  States  would  adopt  the  rec- 
ommendations of  such  a  convention,  but  a  great  a(lvau<!<'  will  have 
been  ma<le  in  the  direction  of  unif6rmity  when  any  two  contiguous 
States  work  upon  similar  lines,  employ  uniform  methods,  and  provide 

* 

for  joint  adjudication  and  api)orti<mment  of  the  waters  of  a  stream 
common  to  both  States. 


Df  A«F.,  Bui.  71,  Ollic*  si  Eipt.  StMiMiL 
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LETTER  OF  TRANSMITFAL 


U.   S.   DBPAETMBNT  op  AaRICULTUBE, 

Office  of  Experiment  Stations, 
Washington^  D.  ft,  November  22,  1899, 

Sib:  I  have  the  honor  to  transmit  herewith  a  paper  by  J.  0.  Ulrich 
on  irrigation  in  the  Kocky  Mountain  States  and  to  recommend  its 
pablicatiou  as  Bulletin  No.  73  of  this  Office. 

Settlers  from  the  East,  familiar  only  with  agriculture  under  humid 

conditions,  frequently  make  costly  mistakes  when  they  attempt  to  farm 

under  the  widely  different  conditions  which  prevail  in  arid  regions — 

mistakes  in  locating  claims,  securing  water  rights,  and  in  using  the 

water.    This  bulletin  is  intended  to  explain  the  agricultural  conditions 

prevailing  and  the  methods  of  acquiring  and  using  water  for  irrigation 

practiced  in  that  x)ortion  of  the  arid  region  covered  more  particularly 

by  the  States  of  Colorado,  Wyoming,  Utah,  Idaho,  and  Montana,  in 

which  the  conditions  and  methods  are  somewhat  similar,  the  main 

purpose  being  to  instruct  those  to  whom  the  subject  is  new  and  strange. 

For  this  reason,  the  subject  is  treated  in  an  elementary  manner. 

Resi)ectfully, 

A.  C.  True, 

Director. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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LETTER  OF  SUBMITTAL 


U.  8.  DbPABTMjBNT  op  AaBICULTUBE, 

Office  of  Experiment  Stations, 

Irrigation  Investigations, 

Cheyenncj  Wyo.j  June  15j  1899. 

Sir:  I  have  the  honor  to  submit  for  publication  a  paper  entitled 
"  Irrigation  in  the  Rocky  Mountain  States,"  by  J.  C.  Ulrich,  0.  E., 
who  has  had  a  long  and  varied  experience  in  building  and  operating 
irngation  works. 

The  marvelous  growth  of  the  western  half  of  the  United  States  is 
more  largely  due  to  irrigation  than  to  any  other  single  agency.  This 
has  been  almost  wholly  the  work  of  men  who  at  the  outset  knew  noth- 
ing of  either  the  methods  of  watering  crops  employed  in  other  irri- 
gated lands,  or  of  the  laws  and  customs  by  which  rights  to  rivers  are 
acquired  and  enforced. 

At  first  there  was  little  need  of  such  knowledge.  The  beginnings  in 
each  State  were  simple.  It  required  less  skill  and  experience  to  plow 
the  ftirrow  and  water  the  Mormon  field  from  City  Greek  in  Utah  than 
it  does  for  an  Iowa  farmer  to  drain  the  water  off  his  land.  The  first 
ditches  were  little  more  than  plow  furrows.  Many  were  built  without  • 
surveys  or  records  of  rights.  Diverting  water  raised  no  question  of 
priority  or  interference  with  vested  rights.  The  problems  of  the  first 
settlers  in  each  arid  State  were  far  easier  of  solution  than  those  which 
beset  the  farmer  under  irrigation  to-day,  no  matter  whether  he  is  a 
newcomer  or  has  the  experience  of  years  behind  him.  The  first  settler 
on  a  stream  thought  of  nothing  except  to  find  a  place  where  he  could 
get  public  land  and  secure  a  bend  in  the  stream  where  the  banks  were 
low  and  the  fall  rapid.  To-day  he  is  beset  by  complications  growing 
out  of  streams  already  having  more  ditches  than  their  water  supply 
will  serve,  by  claims  to  more  water  than  the  ditches  will  carry,  by 
complications  growing  out  of  the  divided  authority  over  land  and 
water,  and  by  legal  and  engineering  questions  whose  solution  in  all 
irrigated  lands  has  taxed  the  wisdom  and  patience  of  the  ablest  minds. 

Success  to  the  early  irrigator  involved  only  the  right  use  of  the  plow 
and  shovel.     When  there  was  only  one  ditch  from  a  river  the  priority 
of  its  right  did  not  need  to  be  looked  after,  but  when  there  are  fifty  the 
number  of  the  priority  and  the  laws  for  its  protection  determine  not  <«i3^\ 
the  value  of  the  ditch  but  of  all  the  land  it  Tj^oAieit^* 


A  break  in  the  individual  ditch  of  the  pioneer  conld  be  repaired  at 
tlie  expense  of  a  few  hours'  labor,  and  without  injury  to  the  crop  it 
watered;  but  in  the  great  aqueducts  which  have  succeeded  them, 
which  require  massive  head  gates  to  withstand  the  floods  which  beat 
against  them,  and  which  stretch  away  for  scores  of  miles  fi*om  the 
source  of  supply,  a  single  break  may  mean  the  expenditure  of  thousands 
of  dollars  in  repairs,  the  loss  of  the  year's  work  to  many  farmers,  and 
widespread  disaster  to  the  community.  Under  the  pioneer  ditches  bug- 
cess  in  irrigation  was  as  much  a  matter  of  individual  effort  as  it  is 
under  rainfall,  but  under  many  of  the  large  canals  now  in  existence 
the  returns  of  the  farmer  depend  on  many  things  besides  his  own 
labor.  There  must  be  wise  and  effective  division  of  the  stream,  while 
the  watchfulness,  honesty,  and  skill  of  the  inspector  or  ^' ditch  rider" 
are  as  important  as  a  fertile  soil.  A  just  water-right  contract  can 
make  a  contented  community,  while  an  unfair  or  unwise  one  is  an 
effective  promoter  of  discord. 

The  material  development  of  irrigation  has  outrun  its  organization. 
To  bring  the  conflicting  interests  which  have  already  been  created  into 
harmony  is  a  perplexing  iiroblem  to  those  who  have  given  years  of 
study  to  the  question.  It  is  not  difficult  to  understand  how  confusing 
it  must  be  to  the  newcomer  who  lenrns  of  these  complications  for  the 
lirsttime.  Every  irrigator  of  experience  knows  that  the  title  to  the 
water  is  more  important  than  the  deed  to  the  land  it  fertilizes,  but  the 
beginner,  unfortunately,  often  learns  this  after  it  is  too  late  for  the 
knowledge  to  be  of  any  benefit. 

It  is  to  the  irrigated  land  that  the  home  seeker  must  look  hereafter  in 

his  effort  to  secure  industrial  independence.    The  vacant  lands  and 

unused  rivers  of  the  West  offer  the  greatest  inducements  to  those  who 

have  energy  and  self-reliance  and  but  little  else  out  of  which  to  createa 

home.    But  the  dangers  and  problems  which  confront  them  are  greater 

than  those  which  beset  the  settlers  of  a  ((uarU^r  of  a  century  ago,  and 

they  ought  to  be  enabled  to  learn  wlnit  these  dangers  are  in  some  less 

costly  school  than  that  of  experience. 

Bespectfolly, 

El  WOOD  Mead, 

Irrigation  Expert  in  Oiarge. 
Mr.  A.  O.  True, 

Director. 
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IRRIGATION  IN  THE  ROCKY  MOUNTAIN  STATES. 


nrrEODUGTiOH. 

The  differences  between  agricnltare  nnder  irrigation  and  that  in 
regions  of  abundant  rainfall  are  as  marked  as  those  between  the  appear- 
ance of  a  landscax>e  in  Arizona  and  one  in  Illinois.  The  home  seeker 
firom  a  humid  region  finds  that  his  past  experience  as  a  farmer  is  of  little 
service  in  choosing  a  location  upon  the  arid  lands  of  the  West.  The 
soil  and  climate  are  different  and  the  conditions  which  farmers  discuss 
are  strange.  As  a  result  he  usually  follows  the  advice  of  those  who 
settled  before  him,  and  the  final  result  of  his  efforts  depends  in  large 
measure  on  the  kind  of  company  he  falls  in  with  at  the  outset. 

If  he  is  a  practical  farmer  he  has  been  accustomed  to  consider  the 
fertility  of  the  soil,  its  drainage,  the  proximity  to  market,  and  the  social 
advantages  of  a  community  the  leading  factors  in  making  a  location 
desirable;  but  when  he  casts  his  lot  in  an  irrigated  district  he  finds  that 
all  the  unirrigated  land  looks  alike  and  all  apparently  worthless.  He 
frequently  finds  that  lands  conveniently  located,  close  to  market,  and 
with  a  contour  and  slope  suited  to  irrigation,  are  yet  unoccupied  and 
for  sale  at  small  price.  If  he  seeks  for  the  cause  from  a  disinterested 
source  he  will  probably  learn  that  it  is  lack  of  a  water  right — that  other 
lands  absorbed  the  stream  before  ditches  to  water  the  land  in  question 
were  built,  and  that  when  streams  mn  low  no  water  is  left  for  its  use. 
If  he  is  not  so  informed  at  the  outset,  he  may  learn  of  this  through 
unhappy  experience. 

The  significance  of  a  water  right,  and  the  importance  of  having  both 
an  adequate  supply  and  adequate  provision  for  its  just  distribution, 
are  matters  which  the  home  seeker  is  most  apt  to  overlook,  as  they  were 
the  last  things  to  be  properly  appreciated  by  the  early  settlers. 

Nor  are  the  beginners  the  only  ones  who  make  mistakes  in  locations 
or  feel  themselves  perplexed  by  the  problems  growing  out  of  the  distri- 
bution of  the  water  of  rivers  among  those  dex>endent  thereon.  Old  and 
capable  irrigators  find  it  hard  to  discriminate  between  the  merits  of  widely 
differing  ditch  contracts  for  the  supplying  of  water  or  to  understand 
what  rights  farmers  have  in  streams  under  the  conflicting  court  deci- 
sions growing  out  of  the  litigation  over  water  rights.  They  are  learning 
that  farming  under  irrigation  requires  a  ^tud^  ol  o\iX!kSt  \2q^^^  X^^^^^v^ 
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the  application  of  water,  and  are  to-day  studying  the  broader  qaestions 
with  an  earnestness  and  alertness  which  must  in  time  resalt  in  impor- 
tant  changes  in  present  laws. 

Two  causes  explain  the  rapid  extension  of  irrigation  in  the  arid  West, 
One  is  the  inability  to  raise  crops  without  it;  the  other  is  the  east'  and 
cheapness  with  which  the  first  ditches  were  built.  To  the  New  Eng- 
land hill  farmers  the  distribution  of  a  layer  of  water  over  every  inch  of 
a  wheat  field  seems  a  labor  of  great  magnitude  and  difiScalty;  bat 
when  one  has  seen  the  gently  sloping  table-lands  of  Colorado,  Elansas, 
and  Nebraska  he  realizes  that  spreading  water  over  the  surface  is  as 
simple  as  plowing  corn  in  Towa.  The  dweller  along  the  sluggish, 
deeply  sunken  rivers  of  the  middle  West  marvels  at  the  methods  by 
which  the  irrigator  gets  his  water  supply  above  the  surface;  but  when 
he  looks  at  the  mountain  torrents,  which  have  scarcely  any  banks  and 
have  a  fall  so  great  that  the  ditches  which  leave  them  seem  to  be  running 
up  hill,  this  mystery  is  also  explained. 

The  first  steps  in  practical  irrigation  are  surprisingly  simple,  easily 
understood,  and  as  easily  carried  out.  Many  ditches  have  been  built 
bj'  men  who  knew  nothing  of  either  irrigation  or  engineering.  A  few 
(lays'  instruction  and  experience  will  make  any  nmn  of  ordinary  intelli- 
gence able  to  irrigate  most  farm  crops  without  any  further  direction  or 
oversight.  This  does  not  mean  that  he  knows  all  there  is  to  be  learned, 
or  that  further  time  will  not  enable  him  to  do  his  work  with  greater 
ease  or  with  increased  economy  in  the  use  of  water.  The  requirements 
of  ditlercnt  crops  and  the  time  when  water  should  be  applied  vary 
greatly,  and  the  experienced  irrigator  has  a  great  advantage  over  the 
novice;  but  this  does  not  prevent  beginners,  without  either  experience 
or  direction,  raising  good  crops  the  first  year.  On  land  reclaimed,  and 
with  an  ample  water  supply,  success  with  beginners  is  the  rule  rather 
than  the  exception. 

The  prinmry  purpose  of  this  bulletin  is  to  describe  agricultural  con- 
ditions in  the  Kocky  Mountain  region,  to  give  the  methods  by  which 
the  waters  of  streams  are  api)ropriated,  diverted,  and  used,  and  to 
point  out  some  of  the  diilieulties  which  may  confront  those  to  whom  the 
whole  subject  is  new  and  strange.  The  discussion  is  confined  to  that 
territory  in  which  conditions  are  somewhat  similar.  The  great  diver- 
sity in  conditions  and  methods  in  diH'erent  parts  of  the  arid  region 
makes  such  a  limitation  necessary.  The  territory  considered  in  this 
bulletin  embrsices  particularly  the  Statas  of  (Colorado,  Wyoming,  Utah, 
Idaho,  and  Montana,  and  includes  the  country  which  slopes  east  and 
west  from  the  summit  of  the  Rocky  Mountains.  In  these  States  the 
waters  of  streams  are  under  more  or  less  strict  public  control  and  there 
is  also  a  practical  uniformity  in  irrigation  methods,  while  the  general 
character  of  the  water  supply,  climate,  and  soil  is  not  so  very  dissimi- 
lar. This  territory  also  includes  all  of  the  States  which  have  by  con- 
stitution and  statute  abrogated  the  common-law  doctrine  of  riparian 
rigbta. 
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OEVERAL  GHARAGTEBISTIGS  OF  THE  BOGET  MOXTNTAIH  STATES. 

The  region  under  consideration  embraces  about  one-sixth  of  the 
total  area  of  the  United  States.  The  different  portions  of  this  vast 
extent  of  country  present  every  conceivable  feature  of  variety  and 
contrast.  There  is,  however,  one  characteristic  common  to  all  localities 
within  its  limits,  which  establishes  a  condition  which  necessitates  a 
radical  departure  from  the  practices  under  which  agriculture  is  con- 
ducted in  the  more  densely  populated  humid  region,  which  definitely 
affects  the  customs  of  its  people,  raises  new  issues  of  national  impor- 
tance, places  its  indelible  stamp  on  the  very  face  of  the  landscape,  and 
Axes  a  definite  limit  to  the  population  which  this  region  will  support. 
This  characteristic  is  that  aridity  of  climate  which  makes  the  artificial 
application  of  water  necessary  to  successful  agriculture.  This  climatic 
coDdition  necessitates  methods  of  procedure  in  the  conduct  of  fia»rming 
operations  which  are  unknown  to  the  eastern  farmer. 

CLmiATE. 

It  would  be  useless  to  attempt  a  detailed  description  of  the  climate 
of  this  region,  both  because  of  the  enormous  extent  of  territory 
involved  and  the  almost  limitless  variety  due  to  local  topographic  con- 
ditions. Extending  from  Canada  on  the  north  to  New  Mexico  on  the 
south,  it  has  a  wide  range  of  climatic  variation  due  to  latitude  alone. 
There  is  found,  also,  the  widest  diversity  in  climate  and  temperature 
at  points  in  close  proximity,  due  to  their  great  difference  in  elevation. 
An  unusual  percentage  of  bright,  sunny  days,  an  invigorating,  bracing 
atmosphere,  and  that  aridity  from  which  the  region  gets  its  name  are 
characteristics,  however,  which  are  common  to  all  parts  of  the  arid 
region  and  prevail  to  a  greater  or  less  degree  in  all  latitudes  and  at  all 
elevations. 

The  precipitation,  like  the  temperature,  is  characterized  by  marked 
differences  between  points  in  close  proximity.  It  is  usually  much 
greater  upon  the  mountains  than  in  the  valleys,  and  generally  increases 
with  the  altitude.  At  all  points  where  the  elevation  is  not  such  as  to 
prohibit  successful  farming  operations  it  is  less  than  that  characteriz- 
ing the  humid  regions  east  of  the  one  hundredth  meridian  of  longitude, 
and  is  generally  insnffiqient  to  guarantee  successful  results  in  agricul- 
ture without  the  aid  of  irrigation.  In  parts  of  southern  Utah  it  does 
not  average  more  than  6  inches  per  annum.  In  the  farming  regions  of 
Idaho  and  Colorado  it  is  from  12  to  15.  It  may  be  stated,  generally, 
that  it  varies  in  different  parts  of  the  territory  under  consideration 
between  the  extremes  of  6  and  24  inches  per  annum,  except  in  a  few 
restricted  localities  where  the  proximity  of  high  mountains  causes  a 
rainfall  sufficient  for  agricultural  operations. 

We  thus  see  that  the  line  of  demarcation  between  the  strictly  arid 
and  the  strictly  humid  sections  is  not  a  clearly  di^^vied  Q\i<6«   \:s^  ^^\s^<^ 
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localities  within  tbe  arid  region,  particularly  iu  western  Kansas  and 
Nebraska,  in  the  valley  of  the  (ireat  Salt  Lake,  and  in  ])arts  of  soath- 
eastern  Tdaho,  considerable  '<  dry  farming  "  is  (*Arried  on.  The  results, 
however,  with  few  exceptions,  are  not  satisfactory.  In  years  daring 
which  the  precipitation  is  above  the  average,  and  its  distribation  with 
reference  to  the  farming  season  is  fortunate,  bountiful  crops  are  some- 
times matured,  but  no  reliance  can  be  placed  uiK)n  a  continuance  of 
those  conditions.  One  or  two  seasons  of  goo<l  crops  may  be  and  gen- 
erally are  followed  by  a  series  of  ye^irs  of  partial  or  complete  failore. 
The  farmers  in  such  localities  are  never  continuously  prosperous.  It 
requires  all  the  proceeds  of  a  series  of  good  crops  to  carry  them  through 
the  succeeding  years  of  drought.  It  is  thei^fore  a  serious  mistake  for 
people  to  settle  in  such  localities  with  the  intention  of  farming  without 
irrigation. 

Along  the  eastern  border  of  the  arid  region  is  a  strip  of  country, 
embracing  portions  of  Kansiis,  Nebraska,  tiie  Dakotas,  and  a  part  of 
northwestern  Texas,  which  is  sometimes  designated  as  the  ^'  itiin  belt." 
It  derives  its  name  from  a  theory  that  there  is  a  pn^gressive  movement 
of  the  boundary  of  the  humid  region  westward.  This  theory  is  based 
upon  the  assumption  that  the  extension  of  railroad  tracks  and  tele- 
graph wires  into  the  arid  region  is  effecting  a  change  in  climatic  condi- 
tions resulting  in  an  increased  rainfall,  and  that  the  settlement  of  the 
country,  with  its  subse<]uent  cultivation  of  the  soil,  assists  in  bringing 
about  this  result.  That  thorough  cultivation  materially  modifies  the 
effects  of  a  given  degree  of  aridity  is  n<»t  open  to  reasonable  doubt,  but 
that  any  pen*eptible  change  in  the  climate  is  brought  about  by  the 
agencies  mentioned,  is  a  proi>osition  that  to  the  writer  does  not  appear 
worthy  of  serious  discussion. 

There  are,  however,  annually  a  considerable  number  of  settlers  who 
locate  in  such  localities  and  practically  test  the  rain-belt  theory,  and 
the  periodical  exodus  of  a  like  number  who  have  thus  wasted  several 
years  of  time  and  labor  attests  the  completeness  of  the  demonstration 
so  far  as  these  are  concerned.  Under  an  eflicient  system  of  irrigation, 
however,  the  problem  assumes  a  different  aspect.  The  soil  of  the  rain- 
belt  country,  like  that  in  other  parts  of  the  arid  region,  is  fertile  and 
productive  when  water  is  applied  in  sufficient  quantities.  Without 
this  adjunct  it  will  not  produce  satisfactory  crops,  and  its  value  most 
be  limited  by  its  availability  as  a  stock  range,  for  which  purpose  it  is 
in  many  places  well  adapted. 

APPEARANCE  AND  INDUSTRIES  OF  THE  REGION. 

To  the  visitor  from  the  East  the  appearan(;e  of  the  arid  region  and 
the  conditions  under  which  farming  is  carried  on  are  sources  of  con- 
stant surprise.  He  notes  the  absence  of  continuous  stretches  of  culti- 
vated fields  and  human  habitations  and  is  impressed  with  the  vast 
extent  of  barren  plains  between  the  comparatively  small  i>roductive 
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areas.  Often  the  cultivated  land  is  confined  to  a  narrow  strip  of  green 
akmg  some  small  water  coarse;  sometimes  it  is  of  greater  extent, 
reaching  for  a  considerable  distance  back  from  some  large  river;  bat 
it  is  always  bounded  by  the  line  of  the  irrigation  canal,  and  is  always 
of  small  extent  compared  with  the  barren  areas  beyond.  The  extent 
\  and  namber  of  the  irrigated  tracts  are  constantly  increasing,  but  the 
'  available  water  supply  and  the  topographic  and  climatic  features  of 
the  country  unite  in  limiting  their  extension,  and  they  will  always  remain 
but  a  small  fraction  of  the  total  area  of  this  region. 

Within  this  domain  three  great  industries  principally  engage  the 
attention  of  the  people,  viz,  mining,  agriculture,  and  stock  raising. 
Of  these,  mining  was  until  recently  the  most  prominent  and  important, 
but  at  present  the  value  of  the  products  of  agriculture  largely  exceeds 
that  which  results  from  mining.  The  principal  mineral  products  are 
gold,  silver,  lead,  iron,  copper,  and  coal.  The  agricultural  products 
include  nearly  everything  which  can  be  produced  within  the  limits  of 
the  United  States,  the  great  variety  and  diversity  in  soil,  climate,  and 
elevation  presenting  the  conditions  necessary  for  the  development  of 
every  form  of  farm  product  known  to  the  latitudes  embraced  within  its 
limits.  By  making  possible  a  cheap  food  supply  in  this  region,  agri- 
culture by  irrigation  has  rendered  mining  more  profitable,  while  the 
markets  created  by  the  latter  industry  have  certainly  been  of  the  very 
greatest  benefit  and  importance  to  the  former. 

Agriculture  and  stock  raising  are  of  course  closely  related,  and  in 
many  localities  largely  dependent  upon  each  other  for  success.  The 
practice  of  running  large  herds  on  the  range  without  adequate  provision 
for  their  winter  feeding  is  rapidly  passing  away  throughout  this  entire 
region,  resulting  in  the  gradual  establishment  of  the  cattle  industry 
upon  a  firmer  and  more  permanent  basis,  and  in  the  promotion  and 
encouragement  of  actual  settlement  and  cultivation  of  the  soil.  There 
will  always  be  a  very  great  preponderance  of  grazing  lands  over  those 
which  can  be  reclaimed  by  irrigation,  and  this  fact  gives  the  stock 
grower  of  this  region  a  decided  advantage  over  his  eastern  competitor; 
and  the  consequent  demand  for  forage  and  grain  furnishes  in  many 
localities  a  profitable  market  for  the  products  of  the  irrigated  farm, 
while  the  full  utilization  of  the  vast  range  will  demand  in  many  sec- 
tions a  large  extension  of  the  irrigated  area  and  product.  The  combi- 
nation of  these  two  industries  of  farming  and  stock  raising  seems  to  be 
the  ideal  arrangement,  and  very  many  localities  in  the  arid  region  ofibr 
exceptional  advantages  for  such  combination. 

In  the  more  mountainous  localities  agriculture  does  not  assume  a 
very  prominent  position,  because  large  areas  of  land  suitable  for  farm- 
ing are  not  to  be  found,  and  it  is  only  in  the  small  valleys  immediately 
acUacent  to  the  streams  that  agriculture  is  attempted  or  can  be  followed 
with  profit.  Even  these  valleys  can  not  all  be  successfully  farmed  on 
account  of  their  great  elevation,  since  fia»rming,  as  a  ruLe^  qq»w  ^<;^tk  V^ 
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couducted  with  success  at  altitudes  exceeding  7,000  or  8,000  feet  above 
sea  level,  and  even  at  those  elevations  only  the  very  hardiest  prodacts 
can  bo  grown.  These  small  valleys  in  tlie  mountains,  when  Cftvorably 
located  at  elevations  ranging  from  4,000  to  0,000  feet,  present  in  many 
respects  the  most  favorable  conditions  for  successful  agricnltare  nnder 
irrigation.  The  climate  is  often  superior  to  that  of  localities  remote 
from  the  mountains.  They  thus  furnish  more  desirable  locationB  ftr 
homes,  and  where  the  elevations  do  not  exceed  4,000  or  6,000  ftet  tb^ 
are  often  found  to  bo  superior  to  other  localities  for  the  prodactloii  of  de- 
ciduous fruits,  which,  under  the  favorable  conditions  of  soil  and  irHmatn 
here  presented,  respond  with  a  bountiful  yield,  and  the  qoalily  of  tks 
product  is  unsurpassed  by  that  of  any  other  part  of  the  United  StataSi 
These  mountain  valleys  are  also  often  contiguous  to  the  public  gnudng 
lands,  and  thus  afford  especially  good  l()<;ations  for  stock  raisiiig; 
Generally  speaking,  however,  the  bulk  of  the  irrigated  area  is  on  tihe 
extensive  plains,  the  best  land  and  facilities  for  marketing  the  prodooe 
being  generally  found  in  such  localities. 

CONDITIONS  FAVORABLE  AND  UNFAVORABLE  TO  IRRIOATZOV. 

Irrigation,  in  the  region  dealt  with  in  this  bulletin,  is  almost  wholly 
a  matter  of  gravity.  TIh^  stream  is  tapped  at  a  ]H)int  where  its  channel 
is  higher  than  the  field  to  be  wiiti^re<1.  Thence  the  water  is  carried 
down  hill  in  the  ditch  U)  the  highest  i)oint  to  be  covered.  In  spread- 
ing it  over  the  iield  the  laterals  run  on  tlie  ridj^es,  and  the  shovel  of 
the  irrigator  nmnipulates  its  distribution  along  or  across  the  slojies 
below.  When  it  has  thus  been  brought  to  a  level  witli  the  most  ele- 
vated points  ui>on  the  tract  to  be  irrigated,  it  <*an  be  made  to  flow  oat 
over  the  land  by  the  force  of  gravity  alone,  without  any  assistance 
from  the  irrigator  beyond  such  manipulation  as  nmy  be  required  to 
eflect  its  uniform  distribution  over  the  minor  irregularities  of  sarfiM)e| 
which  are  elimiuati^d  as  far  as  possible  by  careful  leveling  and  prepi^ 
ration  of  the  ground  before  irrigation  is  attempted. 

Sometimes  the  water  supply  lies  at  a  lower  level  than  the  land  to  be 
irrigated,  and  has  to  be  raised.  This  occurs  where  the  water  supply 
comes  from  wells  or  other  subterranean  sources.  In  such  cases  it  ia 
raised  to  the  required  elevaticm  by  pumping,  or  by  any  other  method 
which  is  found  most  convenient  and  economical.  Pumping  water  for 
irrigation,  because  of  the  hirge  volume  required,  is  attended  with  great 
exi)euse  and  can  not  usually  be  employed  witli  prolit  except  for  the 
reclamation  of  land  devoted  to  the  cultivation  of  crops  which  represent 
great  value  i)er  unit  of  area  devoted  to  their  production.  In  the  colti- 
vatiou  of  oranges,  lemons,  and  other  fruits  which  yield  a  product  whose 
value  is  several  hundred  dollars  per  acre,  and  where  the  amount  of 
water  required  is  relatively  small,  ])un]ping  may  be  resorted  to  with 
profit;  but  in  the  growing  of  cereals  and  the  ordinary  farm  products 
of  the  temperate  regions,  the  cost  of  the  pumping  plant  and  its  oper^ 
tion  is  often  prohibitory. 
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In  most  cases,  however  (in  all  where  irrigation  is  conducted  upon  an 
extensive  scale),  the  water  supply  is  obtained  from  running  streams, 
which  in  the  arid  region  generally  have  very  high  gradients,  thus  ren- 
dering their  diversion  upon  the  adjoining  lands  comparatively  easy. 
Where  the  land  to  be  irrigated  lies  along  the  immediate  border  of  the 
stream  and  is  but  little  elevated  above  the  latter  a  dam  may  be  con- 
structed which  will  serve  to  elevate  the  water  to  the  required  level. 
This  is  a  practice  very  frequently  adopted  in  irrigating  low  bottoms, 
bnt.is  applicable  only  where  the  land  is  but  slightly  elevated  above  the 
stream;  as  where  its  elevation  is  very  considerable  the  height  of  dam 
thus  required  would,  in  most  cases,  involve  an  expense  prohibiting  its 
bailding. 

Frequently  the  lands  to  be  reclaimed  occupy  positions  remote  from 
the  stream  whose  waters  are  to  accomplish  their  irrigation,  and  are  ele- 
vated several  hundred  feet  above  it.  In  such  cases  neither  pumping 
nor  damming  the  stream  would  be  feasible,  on  account  of  the  expense 
involved.  If  the  stream  had  but  a  slight  fall,  land  so  situated  could 
not  be  irrigated  from  it  at  all.  One  of  the  characteristics  of  the  streams 
of  the  arid  region,  however,  as  noted  above,  is  the  excessive  declivity 
of  their  slopes.  There  are  few  whose  fall  is  less  than  4  or  5  feet  per 
mile,  and  40  feet  is  not  unusual,  especially  in  the  case  of  the  smaller 
streams  in  the  vicinity  of  the  mountains.  Wheu,  therefore,  it  is  desired 
to  irrigate  a  body  of  land  which  occupies  a  position  of  great  elevation 
above  the  stream  selected  as  its  source  of  supply,  the  elevation  of  the 
latter  does  not  necessarily  prohibit  the  enterprise,  because,  while  at  all 
contiguous  points  along  the  stream  the  water  is  much  below  the  land, 
tbe  excessive  fall  characteristic  of  these  water  courses  permits  of  the 
selection  of  some  point  further  upstream,  whose  elevation  exceeds  tbat 
of  tbe  land  whose  irrigation  is  desired,  and  from  this  point  its  waters 
may  be  conducted  by  means  of  a  gravity  canal  to  the  lands  to  be 
reclaimed.  This  point  of  diversion  may  be,  and  frequently  is,  many 
miles  up  the  river  from  the  lands  to  be  watered.    (See  Pis.  II  and  III.) 

The  lands  irrigated  usually  lie  between  the  ditch  or  canal  and  the 
stream  furnishing  the  supply,  and  below  the  former.  The  water  is 
drawn  oft*  by  letting  it  out  of  the  artificial  conduit  and  permitting  it  to 
run  over  the  lands  below. 

It  is  evident,  however,  that  under  some  conditions  irrigation  can  not 
be  thus  accomplished.  If,  for  example,  the  irrigation  of  a  body  of  ele- 
vated lands  were  contemplated  from  a  stream  whose  rate  of  fall  does 
not  exceed  that  required  by  the  canal  through  which  the  waters  are  to 
be  conveyed  to  the  land,  the  latter  could  not  bo  covered.  It  would  also 
be  impracticable  to  irrigate  an  elevated  body  of  land  from  a  stream 
whose  fall  exceeded  but  slightly  that  required  for  the  canal  through 
which  the  water  is  to  be  conveyed  to  the  land.  If  a  canal  whose  slope 
must  be  6  inches  per  mile  is  designed  for  the  irrigation  of  land  lying 
150  feet  above  a  stream  whose  slope  is  1  foot  per  mite^\t»«»^Q\\A»^'l^x^^^- 
6Jon  woald  have  to  be  located  300  miles  up  t\i^  «\»t^^icl  teyccL  \}«i^\^».^^ 
9901— No.  73 2 
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to  be  irri<;ut€d,  and  the  entcrpriHe  would  coiiHeqaently  be  impracticable. 
For  those  reasouH  much  of  the  land  in  the  humid  region  eould  not  be 
irrigated  by  gravity  r.anals,  even  if  tlie  necessity  existed,  since  the 
Htreanm,  whih)  affording  an  abundant  supply,  have  generally  such  low 
gra<lient8  that  the  diversion  of  their  waters  through  gmvity  canals 
could  not  be  successfully  accomplished. 

HOW  CANALS  AND  DITCHES  HAVE  BEEN  BUILT. 

It  is  not  so  very  long  since  the  settlement  of  the  arid  portion  of  the 
United  Stiites,  and  especially  the  (tarrying  on  of  agricultural  opera- 
tions within  its  limits,  was  pretty  generally  regarded  as  impractica- 
ble if  not  impossible.  Its  actual  deveh)pment  is  already  far  beyond 
the  dreams  of  half  a  century  ago,  and  we  do  not  yet  realize  its  ulti- 
nuite  possibilities.  As  a  conse<inencc  t)ie  importance  of  irrigation  and 
the  various  problems  C4>nne(;ted  therewith  have  not  l>eeu  generally 
rea1ize<l  or  understood.  In  t)ie  ohier  irrigated  countries  the  constrac- 
tion  and  oi>eration  of  canals,  as  well  as  the  distribution  of  water,  is 
under  the  most  strict  government  supervision  and  t'ontrol,  if  not  own- 
ership. The  wisdom  of  the  system  of  operation  meiisures  in  a  large 
degr(>e  the  prosperity  of  the  people  who  live  under  it.  Our  system  is 
yet  in  a  ]>rimitive  <'oiMlition.  The  development  thus  far  reached  has 
not  been  under  any  comprehensive  public  policy,  but  is  rather  a 
natural  outgrowth  of  conditions. 

THE  SMALL   DITCH  OF  THE  PIONEER  nUUGATOIt 

During  the  earlier  ptuiod  of  the  settlement  of  the  arid  region,  before 
the  possibilities  of  irrigation  had  come  to  be  generally  recognized|  and 
prior  to  the  advent  of  a  populaticm  suflieient  to  warrant  definite  efforts 
toward  organization  in  the  development  of  its  resources,  irrigatiou 
was  limited  to  the  individual  enterprise  of  pioneer  settlers  who  formed 
the  advance  guard  of  civili/ation  upon  the  frontier.  These  pioneers, 
having  selected  suitable  locations  for  farming  and  ranching  opera- 
tions, constructed  ea<'h  his  own  ditch  for  the  irrigation  of  his  individ- 
ual lands,  and  operated  it  independently  in  the  manner  best  suited  to 
his  inti^rests. 

The  individual  ditch  appeals  to  the  inluTited  pn^Judices  and  habits 
which  the  settler  brings  with  him.  Kven  if  it  costs  more,  he  often 
prefers  it  to  the  enforced  submission  to  regulations  which  dependence 
on  partnership  ditches  or  eannls  involves;  hence  on  each  strealn  the 
locations  for  such  ditches  are  early  sought  out.  When  those  in  the 
main  valley  are  gone,  locators  look  higher  up  in  the  mountain  valleys 
and  along  the  rivulets  which  go  to  make  up  the  main  stream.  These 
opportunities  still  exist  in  some  parts  of  the  country,  but  they  are  rare 
and  hard  to  iind.  The  pioneer  makes  use  of  all  such  opportunities, 
and  they  are  now  to  be  found  only  along  water  courses  remote  from 
the  centers  of  population,  where  all  the  drawbacks  of  the  frontier  must 
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be  eucouutered.  The  gain  iu  tirst  cost  is  thus  counterbalanced  by 
the  attendant  disadvantages  of  location.  The  building  of  individual 
ditches  is,  therefore,  largely  a  thing  of  the  past. 

EVOLUTION  OF  THE  COMMUNITY  DITCH. 

The  evolution  of  irrigation  on  the  majority  of  streams  has  followed 
the  same  successive  steps.  Frequently  the  ditch  of  the  pioneer  was 
so  located  as  to  be  conveniently  and  economically  enlarged  and  extended 
to  cover  the  lands  of  subsequent  settlers.  In  such  cases  arrangements 
were  often  made  with  the  original  owner  by  which  such  enlargements 
and  extensions  were  made  and  the  later  settlers  became  part  owners  in 
tlie  ditch,  which  has  often  been  enlarged  and  extended  many  times  and 
thus  grown  from  the  small  ditch  constructed  and  owned  by  the  first 
settler  to  a  large  partnership  or  community  canal,  in  which  each  owner 
of  lands  irrigated  by  it  has  purchased  or  worked  out  an  interest,  and 
contributes  to  its  annual  maintenance  iu  proportion  to  the  amount  of 
water  used  by  him. 

After  the  available  lower  lands  near  the  stream  have  been  taken  up 
and  rendered  irrigable  by  the  individual  or  partnership  ditches,  larger 
and  longer  canals  are  often  projected  to  cover  the  mesas  and  benches 
above.  These  also  are  often  built,  owned,  and  operated  by  the  owners 
of  the  lands  to  be  reclaimed  by  them,  the  principal  outlay  being  their 
own  labor.  Thefee  partnership  or  community  canals  have  generally 
proven  successful  and  satisfactory,  and  have  been  a  most  important 
factor  in  the  development  of  the  agricultural  resources  of  the  arid  region. 
Their  construction  and  operation  are  usually  simple,  and  their  value 
represents  wealth  created  by  the  people  who  live  under  them.  The 
operation  and  maintenance  of  such  canals  is  generally  satisfactorily 
accomplished  through  mutual  agreement,  by  proportionate  assessments 
of  labor  or  money  upon  the  various  owners.  The  annual  expense  of 
operation  is  generally  very  small,  and  the  value  of  land  under  such 
canals  (which  usually  includes  a  proportionate  ownership  in  the  canal 
itself)  is  usually  greater  than  that  of  similarly  situated  land  under  cor- 
poration canals.  In  many  respeets,  where  it  is  applicable,  this  indi- 
vidual or  partnership  system  of  canal  ownership  is  an  ideal  one. 

Although  partnership  and  community  canals,  especially  those  which 
have  grown  up  by  the  enlargement  and  extension  of  smaller  individual 
ditches,  are  usually  unincorporated  mutual  associations  as  above 
described,  yet  it  often  happens  that  a  closer  and  stronger  organization 
than  one  dependent  ui>on  mutual  agreement  is  desired  by  the  irrigators, 
and  the  result  is  the  formation  of  the  community  irrigation  stock  com-, 
pany.  In  such  a  corporation  the  stockholders,  as  a  general  rule,  are  the 
farmers  who  expect  to  use  the  water  thus  made  available.  It  generally 
originates  and  is  organized  in  the  following  manner: 

A  body  of  lands  suitable  for  farming  purposes,  and  so  situated  with 
reference  to  a  river  or  other  satisfactory  source  of  «vx.v^V^  \Ja»»\»'^  <y^Kv.\tfi, 
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irrigated  with  a  reasonable  degree  of  economy,  is  located  and  aoqaired 
by  different  indi vidnuls.  1  f  Government  land,  it  is  secured  through  the 
regular  homestead  or  desert-land  filings.  If  belonging  to  the  State  or 
a  railroad  company,  it  is  acquired  through  imrchase.  Sometimes  both 
State  and  (lovernment  lands  are  available,  of  which  the  alternate  sec- 
tions'belong  to  each,  respectively.  In  the  case  of  Government  lands, 
many  of  the  filings  may  have  been  made  long  before  the  irrigation 
proi)08ition  in  question  had  assumed  definite  form,  the  same  having 
been  miule  upon  the  assumption  that  irrigation  was  possible  and  would 
sooner  or  later  become  an  accomplished  fact. 

For  the  puriK)8e  of  specifically  illustrating  the  method  of  organizing 
and  conducting  the  affairs  of  such  a  community  irrigation  enterprise, 
it  will  be  assumed  that  a  number  of  individuals  have  made  filings  upon 
difl'ercnt  tracts  of  Government  land,  comprising  in  the  aggregate  an 
area  of  8,000  acres,  or  that  they  have  acquired  the  same  area  through 
purchase  from  the  State  or  from  a  railroad  company.  This  land  is,  of 
course,  arid  and  unproductive  without  water,  and  before  its  irrigation 
can  be  effected  a  canal  or  otlier  conduit  must  be  conKtructed  for  con- 
veying thereto  the  waters  of  some  adjacent  stream.  A  meeting  of  the 
owners  or  claimants  is  therefore  held,  an<l  the  necessary  plant  is  agreed 
upon;  the  amount  of  water  required,  the  size  of  canal  needed,  and  the 
approximate  cost  of  the  undertaking  are  determined;  and  a  board  of 
directors  is  elected,  who  appoint  the  executive  ofiice^s  for  conducting 
the  affairs  of  the  company.  It  will  be  assumed  that  the  probable  cost 
of  the  works  has  been  determined  to  ho  $.>0,(K)0.  The  capital  stock  is 
then  fixed  at  this  amount,  and  is  divided  into  500  shares  at  a  par 
value  of  $100  each.  It  will  be  assumed  that  the  canal  is  to  carry  100 
cubic  feet  of  water  per  second  of  time.  Tnder  this  assumption  each 
cubic  foot  of  proi>osed  capacity  is  represented  by  a  capitalization  of 
$500,  and,  as  there  are  500  shares,  each  of  the  hitter  would  represent 
one-fifth  of  a  cubic  foot  of  water.  If  1  <*ubic  loot  be  considered  as 
the  amount  required  for  80  acres  of  hmd,  each  of  those  who  desires  to 
irrigate  this  area  should  subscribe  for  live  shares  of  stock,  and  for 
larger  areas  in  the  same  proportion.  There  would,  however,  be  no 
condition  specifying  the  number  of  shares  which  any  purchaser  most 
ac<iuire,  though  it  would  be  advisable  that  each  landholder  purchase 
the  number  necessary  to  accomplish  the  satisfactory  irrigaticm  of  the 
area  ]>roposed  to  be  cultivated,  since  the  number  of  shares  held  will 
determine  the  amount  of  water  which  he  will  receive.  Kach  land- 
owner or  other  person  desiring  water  shares  now  enters  his  name  upon 
the  subscription  or  stock  book  of  the  association,  and  the  secretary 
enters  opposite  thereto  the  number  of  shares  for  which  he  Inis  sub- 
scribed, opening  at  the  same  time  an  account  with  the  subscriber,  upon 
which  he  is  charged  with  the  value  of  the  stock  contracte<l  for,  and 
given  credit,  under  the  proper  dates,  for  any  ])ayments  ma<le  thereon. 

While  it  is  generally  a  fact  that  a  majority  of  the  holders  of  stock  in 
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these  coucenis  are  actual  farmers  who  propose  to  live  upon  and  them- 
selves  farm  the  land  to  which  the  water  thus  acquired  is  to  be  applied, 
this  is  not  a  necessary  requirement,  and  frequently  a  number  subscribe 
for  stock  who  do  not  own  any  land,  but  acquire  the  water  either  with  the 
intention  of  selling  it  to  others  or  because  they  intend  subsequently  to 
acquire  land  to  which  it  may  be  applied.  There  are  others,  still,  who, 
while  owning  land  capable  of  irrigation  from  the  proposed  system,  do 
not  subscribe,  because  they  do  not  intend  to  farm  the  land,  but  exi>ect 
to  sell  it  at  an  advanced  figure,  after  the  works  are  in  operation,  to  those 
who  already  own  or  may  subsequently  acquire  stock,  either  from  the 
company  direct  or  from  other  stockholders  who  may,  for  any  reason, 
desire  to  reduce  their  holdings. 

Each  subscriber  now  becomes  nominally  a  stockholder,  though  cer- 
tificates of  stock  may  never  be  issued,  and  he  may  proceed  to  work  in 
the  construction  of  the  plant  at  a  price  for  labor  which  has  been  fixed 
and  scheduled  by  the  board  of  directors,  which,  through  the  president 
of  the  association,  has  appointed  a  foreman  and  timekeeper  to  super- 
vise the  details  of  the  work  and  keep  the  time  of  the  operators  engaged 
thereon.  At  the  end  of  each  month  the  foreman  or  timekeeper  turns 
in  to  the  secretary  a  statement  setting  forth  the  amount  and  value  of 
the  work  contributed  by  each  subscriber,  and  these  amounts  are  by  the 
secretary  credited  upon  the  accounts  of  the  several  stockholders  in  par- 
tial liquidation  of  their  indebtedness  to  the  association,  incurred  through 
the  purchase  of  stock. 

When  the  construction  of  the  plant  has  been  completed,  the  various 
accounts  are  made  out  and  certificates  of  paid-up  stock  are  issued  to 
those  who  are  found  to  have  worked  out  the  full  amount  due  there- 
for. Those  who  are  found  not  to  have  contributed  the  amount  of  work 
necessary  to  liquidate  their  indebtedness  are  given  credits  represent- 
ing the  amounts  paid,  and  their  accounts  remain  charged  with  the  bal- 
ance yet  due,  the  adjustment  of  which  may  be  required  in  the  form  of 
a  cash  payment,  or  may  be  permitted  to  stand  on  the  books  until  an 
opportunity  arises  for  working  it  out  at  a  future  date.  Where  stock- 
holders at  the  completion  of  the  construction  have  contributed  work  in 
excess  of  their  stock  subscriptions,  the  amount  thus  overpaid  may  be 
refunded  in  cash  or  allowed  to  stand  as  a  credit  upon  the  books  of  the 
association  and  subsequently  applied  in  liquidation  of  assessment  lia- 
bilities arising  through  expenditures  incident  to  operation  and  mainte- 
nance of  the  plant. 

if  it  should  be  found,  upon  the  completion  of  the  works,  that  the 
expense  of  construction  was  less  than  the  amount  realized  through  the 
sale  of  stock,  the  difference  may  be  distributed  to  the  stockholders  in 
the  form  of  a  dividend,  to  each  in  proportion  to  the  amount  of  his 
stock,  or  it  may  be  permitted  to  remain  in  the  treasury  and  applied  to 
the  liquidation  of  subsequent  indebtedness  incurred  in  operation  and 
maintenance.    It  more  frequently  occurs,  however^  tlkA»t  ^Vk!^^K\i\y^  ^^^ 
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of  the  works  exeoeclR  tlie  CRtimate  upon  which  tlie  capitalization  was 
based,  and  that  additional  funds  are  required  to  complete  the  enter- 
prise. Those  may  be  realized  by  the  levy  .of  a  pro-rata  assessment 
upon  the  outstanding  stock,  or  through  the  issue  and  sale  of  additional 
stock  to  the  amount  required.  The  general  method  of  organization 
and  procedure  is  similar  in  the  case  of  unincorporated  commanity 
associations. 

When  the  works  have  been  com])leted  and  actual  operations  inaugu- 
rated, certain  expenses  incident  thereto  are  encountere<l.  These  con- 
sist, in  the  main,  of  salaries  and  expenses  of  ofticers,  wages  of  ditch 
riders  or  i)atr()]men,  repairs  necessary  to  structures,  and  other  inci- 
dental expenditures  that  need  not  be  enumerated  in  detail.  These 
liabilities  are  usually  provided  for  through  prorata  assessments 
against  the  stockholders. 

As  noted  above,  the  essential  features  of  this  kind  of  stock  irrigation 
company  and  of  the  unincorporated  community  canal  are  notdissimilan 
The  works  of  both  are  created,  owned,  and  oi>erated  by  lo<^al  capital  and 
labor,  and  their  inception  and  organizaticm  are  brought  about  by  similar 
causes  and  carried  out  along  similar  lines.  Both  depend  for  their  sac- 
cess  largely  upon  lociil  ownership, ec()nomi<*al  management,  an<l  the  lack 
of  necessity  for  any  great  cash  outlay  in  their  construction  and  oi>era- 
tion.  Communities  with  little  (*apital  except  pluck  and  muscle  have, 
under  these  methods,  created  canal  systems  that  are  among  the  best  and 
most  su(  cessful  in  the  whole  arid  region,  and  which,  from  modest  begin- 
nings, have  ultimately  resultt^d  in  the  growing  up  of  thriving  towns  and 
populous  and  prosperous  farming  districts  under  them.  This  is  the  sys- 
tem of  c(mstruction  and  management  connnon  in  Utah  under  the  opera- 
tion of  Ihe  district  irrigation  law  formerly  in  eflect  in  that  State.  The 
districts  formed  under  this  law  are  in  effect  voluntarv  mutual  associa- 
tions  or  companies  for  the  purpose  of  constrn(*tion  and  operation  of 
canals,  the  cost  of  wliich  is  raised  by  assessments  on  the  various  owners 
in  proportion  to  their  respective  Interests  in  the  works  and  quantity  of 
water  to  be  use<l  by  them. 

The  farmers  in  many  localities  are  prejudiced  against  stock  corpora- 
tions and  ])refer  to  operate  their  canals  under  mutual  agreement.  In 
Wyoming,  for  example,  it  is  doubtful  if  one  in  fifty  of  the  community 
ditches  are  incorporated.  As  trouble^  sometimes  arises  in  regard  to 
collection  of  assessments,  a  law  has  been  ena<'ted  in  that  State  the 
object  of  which  is  to  compel  the  payment  of  such  assessments  in  csiseof 
unincorporated  community  canals.  The  ssime  aversion  to  corporations 
in  connection  with  irrigation  is  noticeable  in  greater  or  less  degree  in  the 
other  States. 

Although  opportunities  for  participation  in  the  development  of  new 
enterprises  under  the  community  system  still  exist  thnmghout  many 
parts  of  the  arid  region,  they  are  becoming  moie  rare  with  the  advance 
oi  time.    This  is  particularly  true  with  reference  to  those  localities  in 
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convenient  proximity  to  the  more  important  towns  and  cities,  where 
lands  and  water  rights  under  such  organizations  can  now  generally  be 
acquired  only  through  purchase. 

THE  CORPORATION  CANAL. 

Throughout  all  parts  of  the  arid  region  there  are  found  areas  of  supe- 
rior land  in  the  form  of  high  plateaus  or  mesas,  located  sometimes  at  con- 
siderable distances  from  the  more  important  streams,  usually  occupying 
positions  of  great  elevation  above  the  latter,  and  frequently  separated 
therefrom  by  high  rocky  bluffs  or  ranges  of  hills  and  mountains.  The 
exceptional  fertility  of  many  of  these  lands,  together  with  their  wonder- 
ful uniformity  of  surface,  render  them  especially  attractive  to  the  irri- 
gator. They  are  the  best  lands,  but  their  location  is  frequently  such 
that  to  secure  the  proper  elevation  dams  have  to  be  built  to  raise  the 
water  at  the  head,  and  the  canal  must  wind  its  way  for  many  miles 
through  rocky  canyons  and  along  precipitous  cliffs,  and  be  carried 
across  ravines  and  chasms  in  pipes  or  flumes,  whose  design  and  con- 
struction require  the  best  engineering  talent  and  experience.  The 
expense  thus  incident  to  the  construction  of  the  works  is  frequently  so 
great  that  neither  the  individual  nor  the  community  can  successfully 
undertake  its  execution ;  hence  they  await  the  coming  of  corporate 
capital  or  State  aid.  The  agency  through  which  many  of  these  com- 
prehensive, difficult,  and  expensive  works  of  irrigation  have  been 
aci^omplished  is  the  institution  known  as  the  land  and  irrigation  cor- 
X)oration,  which  has  been  the  successor  to  the  individual  and  community 
enterprises  in  the  development  of  the  agricultural  resources  of  the  arid 
West.  The  latter  successfully  held  the  field  so  long  as  the  propositions 
open  to  consideration  were  simple,  inexpensive,  and  readily  available. 
In  the  development  of  these  they  proved  to  be  admirably  adapted  to  the 
requirements  of  the  situation,  but  as  the  simpler  problems  were  solved 
first,  ox)erations  became  more  difficult  and  expensive  with  the  increasing 
magnitude  and  complexity  of  the  undertakings,  and  finally  a  point  was 
reached  where  X)rogress  must  cease  unless  the  assistance  of  some  more 
powerful  factor  could  be  enlisted  which  might  successfully  grapple  with 
the  greater  issues  presented. 

It  was  at  this  juncture  that  the  irrigation  corporation  came  to  the 
rescue,  and  it  has  since  become  a  prime  factor  in  the  development  of 
the  agricultural  resources  of  the  arid  region.  The  individual  and  com- 
munity efforts,  however,  had  paved  the  way  toward  the  new  departure, 
and  the  substantial  results  achieved  by  them  made  it  possible  for  this 
powerful  agency  to  become  a  factor  in  the  work.  It  was  their  success- 
ful efforts  that  had  first  subdued  the  implacable  desert  and  demon- 
strated the  fertility  of  its  lands  and  the  possibility  of  creating  prosper- 
ous agricultural  homes  and  communities  in  a  land  which  had  long  been 
regarded  as  a  suitable  dwelling  place  for  only  the  buffalo,  the  coyote, 
and  the  Indian.    These  pioneers  had  demonstrated  that  the  ao-oalV^ol 
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desert  lands  of  the  arid  region,  whose  acquisition  from  the  Government 
couhl  bo  accomplished  practically  without  cost,  assumed  a  value  under 
the  practice  of  irri^^ation  ecpial  to  that  of  the  very  choiceHt  farming 
rejLcions  of  the  Eastern  and  Middle  States,  and  the  uniform  success 
which  crowned  their  efforts  in  this  Held  attra<;ted  the  attention  of  capi- 
talists to  these  enterprises  as  presenting  unusual  opportunities  for 
proiitable  investment. 

Under  the  individual  and  community  n^gimes  the  prime  incentive 
was  the  transformation  of  certain  desert  lands  into  productive  farms, 
which  were  to  serve  as  the  ])ermanent  homes  of  the  individuals  who 
inaugurated  and  executed  this  work  of  reclamation,  and  they  expected 
their  profits  through  the  actual  farming  of  the  lands  so  reclaimed. 

With  the  corporation,  however,  it  was  diflerent.  The  opportunity 
thus  ])resented  for  investment  was  with  it  the  prime  consideration. 
It  was  no  part  of  its  programme  to  actually  improve  and  farm  these 
lands;  none  of  the  individuals  composing  its  ))orsonnel  ever  exi>ected 
to  make  a  home  thereon.  In  most  cases  they  were  all  nouresidentsy 
whose  homes  were  not  even  within  the  limits  of  the  arid  region.  The 
object  of  their  operations  was  the  a(;(iuisition  of  large  bodies  of  lands 
and  valuable  water  franchises,  which  were  to  be  sold  at  a  profit,  after 
the  development  of  their  propose<l  irrigation  plant,  to  people  who  might 
desire  to  iiuprove  and  actually  farm  the  lands.  The  actiuil  relation  of  the 
real  owners  of  these  enterprises  to  the  pro])erties  themselves  is  usually 
even  more  remote  than  this.  The  financial  interests  are  generally 
represented  by  the  bondholders,  who  through  the  purchase  of  bonds 
have  advanced  the  money  for  the  buihling  of  works. 

The  stock  of  the  corporation  irrigation  systems  is  not,  as  in  the  case 
of  the  community  stock  organization,  in  the  hands  of  the  farmers  and 
actual  water  consumers  under  the  system ;  it  is  held  and  controlled  by 
the  promoters  and  organizers  of  the  enterprise.  Its  affairs  are  also 
controlled  by  a  board  of  direcitors,  who  are  electe<l  by  a  vote  of  the  stock- 
holders. The  executive  ofllcers  are  the  presi<lent,  secretary,  and  treas- 
urer, but  the  details  of  the  executive  management  usually  devolve 
upon  an  oflicer  appointed  by  the  board,  who  is  called  the  manager 
(souH.^times  the  general  nmnager),  who  lives,  or  should  live,  within  easy 
access  to  the  works.  The  manager  has  the  appointing  of  and  directs 
the  operations  of  all  the  employees  beneath  him  in  rank,  and  is  in  fact 
the  local  dictator  of  the  ])olicy  and  nmnagement  of  the  concern. 

In  most  cases  these  corporations  own  and  handle  Ian<ls  as  well  as 
water,  the  land  feature  being  frequently  the  more  imi>ortantof  the  two. 
Where  they  own  lands  the  latter  are  generally  sold  in  <u)nnection  with 
water,  at  a  price  which  includes  both.  The  land  is  rarely  sold  alone, 
since  it  has  no  value  except  in  connection  with  the  water,  which 
usually  can  not  be  secured  except  from  the  irrigation  company. 

Under  this  corporation  regime  water  is  not  represcntcMl  by  shares  of 
stock,  as  it  is  in  the  community  organizations  hereinbefore  described, 
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but  by  a  "water  right,''  which  is  a  right  to  a  certain  specified  quantity 
of  water,  or  to  the  amount  necessary  to  irrigate  a  certain  tract  of  land, 
the  amount  given  for  this  purpose  varying  with  different  companies. 
TLie  (fuautity  of  water  really  necessary  to  irrigate  an  acre  varies  widely 
in  different  localities,  and  again  materially  with  the  crop  under  consid- 
eration. While  in  Colorado  and  Idaho  a  flow  of  1  cubic  foot  per 
second  is  usually  furnished  and  applied  to  50  acres  of  alfalfa,  the  same 
volume  will  supply  the  necessities  of  500  acres  of  citrus  fruits  in  south- 
ern California. 

The  irrigation  corporation  constructs,  operates,  and  maintains  the  main 
line  of  canal  or  other  conduit  by  which  the  water  is  diverted  from  the 
river  and  conveyed  to  or  within  easy  access  to  the  land  to  be  reclaimed; 
and  in  addition  thereto,  and  particularly  where  these  lands  belong  to 
the  corporation,  it  usually  constructs  a  number  of  large  lateral  branches, 
which  are  diverted  from  the  main  line  at  convenient  points  and  traverse 
the  principal  bodies  of  lands.  These  are  designed  for  the  purpose  of 
bringing  the  water  within  reasonable  proximity  to  such  lands  as  are 
located  at  considerable  distances  from  the  main  works.  The  main 
canal  or  conduit  necessarily  occupies  a  position  outside  and  above  all  the 
area  to  be  reclaimed.  Without  these  branches  a  decided  hardship  upon 
some  of  the  water  consumers  would  be  involved  in  the  necessary  con- 
struction of  private  ditches  of  great  length  for  conveying  their  water 
from  tbe  main  works,  a  condition  which  would  tend  to  place  an  embargo 
upon  the  sale  of  water.  By  means  of  this  arrangement  is  also  avoided 
the  necessity,  which  would  otherwise  exist,  for  tapping  the  main  line 
at  a  great  number  of  points  for  the  diversion  of  water  for  individual 
consumers,  as  well  as  the  objectionable  feature  involved  in  the  great 
multiplicity  of  private  lateral  ditches  across  the  entire  body  of  lands. 

The  main  canal  and  these  principal  branches  are  operated,  main- 
tained, and  controlled  by  the  corporation,  and  are  patrolled  and  regu- 
lated by  ditch  riders  in  its  employ. 

The  settler  or  farmer  who  has  purchased  water  rights  from  the  cor- 
])oration  is  generally  permitted  to  divert  the  water  from  any  point  on 
the  main  canal  or  any  of  the  laterals  found  to  be  most  convenient,  sub- 
ject, however,  to  the  approval  of  the  general  manager  or  local  superin- 
tendent. In  either  case  a  head  gate  or  regulating  structure  is  placed  at 
the  point  selected,  for  the  purpose  of  regulating  the  amount  diverted. 
This  structure  is  the  private  property  of  the  individual  for  whose  use 
it  is  erected,  though  it  is  designed  and  placed  in  position  by  the  com- 
pany, and  is  controlled  and  regulated  by  the  ditch  rider,  who  keeps  it 
locked  at  the  required  degree  of  opening  and  himself  carries  the  key. 
The  ditch  conveying  the  water  from  this  structure  to  the  land  to  be 
irrigated  is  most  frequently  constructed,  maintained,  and  operated  by 
the  owner  of  the  land  at  his  own  expense.  It  is,  however,  not  usually 
of  very  great  length,  and  is  comparatively  simple  and  inexpensive.  In 
some  cases  the  company  contracts  to  deliver  the  water  at  some  conveu- 
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lent  ])oiiit  on  the  tnict  of  hind  t^)  be  irri^ate<l  by  it,  in  which  cases  all 
the  hiteral  ditehes  are  constructed  and  controlled  by  the  company. 
This  method  involves  a  great  additional  ezi>ense  of  management  and 
operation,  and  is  not  usually  followed* 

The  practical  results  from  oi>eration8  conducted  under  the  corpora- 
tion rrgime  do  not  materially  differ,  so  far  as  the  actual  user  of  water 
is  concernedly  firom  those  realized  under  the  auspices  of  the  community 
organization.  The  farmer's  success  is  measured  and  determined  almost 
entirely  by  the  certainty  and  pernianenre  of  a  satisfactory  supply  of 
water  at  a  reasonable  price.  *  When  these  conditions  are  fnlflUed  it 
makes  little  difference  under  what  character  of  organization  he  oper- 
ates, the  advantage  of  one  system  over  the  other  being  measured  by 
the  relative  certainty  of  supply  and  the  expense  of  getting  it 

That  the  annual  cost  of  water  from  a  large  cori>oration  system  is  in 
most  cases  greater  than  from  the  smaller  ])artnership  or  community 
canals  is  inevitable  for  several  reasons.  The  latter  are  nearly  always 
(constructed  first  and  octcupy  the  best  locations  for  (cheap  diversion  and 
economical  construction  and  do  not  usually  require  such  extensive  and 
costly  hcadworks  nor  such  a  long  line  of  ex))ensive  canal  to  be  con- 
structed and  maintained  before  the  irrigable  nrea  can  be  reached. 
These  are  advantiiges  which  the  earlier  enterprises  have  secured.  In 
addition  to  more  expensive  construction  and  nniintenance  in  the  case 
of  the  larger  canals,  the  salaries  of  general  oflicr^rs  often  materially 
increase  the  fixed  charges,  while  tlie  interest  on  the  investment  during 
the  period  between  the  construction  of  the  canal  and  the  settlement  of 
the  lands  and  consequent  sale  of  water  rights  and  the  expense  incident 
to  securing  such  settlement  are  always  very  large  items  of  expense  which 
do  not  figure  in  the  community  systems.  Many  individual  and  commu- 
nity canals  involve  scarcely  greater  expense  in  construction  and  main- 
tenance than  do  some  of  the  individnal  and  community  lateral  ditches 
which  have  to  be  constructed  by  the  irrigators  to  convey  their  water 
from  the  company^s  main  canal  to  their  lands.  So  if  the  completed  main 
canal  systems  should  be  turned  over  fn^e  to  the  landowners  under  them, 
they  would  have  but  similar  advantages  for  irrigating  their  lands  to 
those  which  many  of  the  earlier  settlers  secured  from  the  natural 
streams.  To  offset  this  added  cost  of  irrigation  which  often  prevails 
under  these  extensive  corporate  canals,  the  quality  of  the  lands  covered 
by  them  is  often  su{)erior  to  that  of  the  lands  along  the  river  bottom 
and  adjacent  which  were  settled  upon  and  irrigated  by  the  cheaper  and 
more  easily  constructed  ditches  of  the  earlier  settlers. 

This  plan  of  conducting  the  business  of  irrigation  development  has 
its  good  and  its  bad  features.  Through  its  agency  great  volumes  of 
capital  have  been  invested  in  the  development  of  the  agricultural 
I)08sibilities  of  the  arid  region,  much  of  which  if  dependent  upon  indi- 
vidual or  community  resources  would  have  remained  unproductive  for 
many  years.    It  is  the  corporation  enterprises  which  enlist  the  interest 
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of  a  majority  of  iuteoding  immigrants.  It  is  usually  a  part  of  their  busi- 
ness to  effect  the  sale  and  settlement  of  the  lands  under  them,  and  their 
magnitude  usually  warrants  the  expenditure  of  large  sums  in  adver- 
tising for  this  pnrix)se.  In  some  cases  the  results  achieved  under 
these  systems  not  only  prove  satisfactory  to  the  farmers,  but  prove 
them  to  be  safe  and  profitable  investments  for  capital.  In  many 
respects  these  large  canals  are  the  best  and  most  economical  systems 
for  the  distribution  of  water  to  the  lands  covered  by  them.  These  lands 
are  usually  in  a  large  and  compact  body,  which  gives  many  social  and 
industrial  advantages  to  the  settlers  upon  them.  A  greater  area  can 
be  irrigated  with  a  given  volume  of  water  than  by  means  of  a  multi- 
plicity of  scattered  individual  and  community  ditches.  Taken  alto- 
gether, these  large  systems  have  many  things  to  recommend  them  and 
have  materially  advanced  irrigation  development  and  benefited  the 
landowners  under  them. 

Ill  most  instances,  however,  the  investors  in  these  enterprises  have 
not  met  with  the  success  they  deserve.  Many  causes  have  contributed 
to  this  result,  some  of  which  have  already  been  indicated.  The 
systems  have  almost  uniformly  cost  much  more  than  the  first  estimates, 
while  the  area  of  irrigable  land  under  them,  the  irrigating  capacity  of 
the  canals,  and  the  rapidity  with  which  their  settlement  and  the  conse- 
quent use  of  the  water  could  be  accomplished  have  all  been  almost  as 
uniformly  overestimated.  Many  years  often  elapse  before  the  total 
discharge  of  the  canal  is  utilized  and  before  the  income  from  water  sold 
even  meets  the  fixed  charges  for  management  and  operation.  Their 
location  is  sometimes  distant  from  railway  lines,  cities,  and  local  mar- 
kets, which  increases  the  expense  and  difficulties  of  securing  settlers. 
If  they  follow  individual  and  community  ditches  near  settlements  and 
markets  already  established  they  have  later  water  rights  than  the 
earlier  and  smaller  ditches.  This  inferiority  of  priority  lessens  the  value 
of  the  property  and  is  often  a  source  of  annoyance  and  expensive  liti- 
gation with  the  earlier  ditch  owners  and  with  their  own  consumers,  who 
may  have  their  water  supply  reduced  or  cut  off  in  time  of  scarcity. 
Unless  those  charged  with  the  design  and  construction  of  the  works 
have  made  a  special  and  very  careful  study  of  the  lands,  water  supply, 
and  prior  rights  thereto  before  beginning  work,  they  have  little  positive 
information  as  to  the  real  elements  of  value  in  their  investment,  and 
they  have  not  always  done  this.  The  capitalists  whose  millions  have 
been  thus  invested  have  naturally  been  more  ignorant  of  the  principles 
involved  than  the  promoters  and  have  often  been  deluded  into  believing 
that  fabulous  profits  were  to  be  realized  through  such  investments. 

In  this  manner  a  few  irrigation  works  have  been  created  throughout 
the  arid  region  for  whose  existence  there  was  no  warrant  whatever, 
whose  priority  rights  to  the  use  of  water  are  practically  worthless, 
either  for  the  reason  that  the  supply  never  existed,  or  because  the 
available  water  had  been  appropriated  long  before  the  proiK>sition8 
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under  coiiRideration  had  been  conceived  and  executed.  These  schemes 
not  only  work  a  permanent  injury  to  the  interests  of  legitimate  enter- 
prises in  this  field  and  to  irrigation  development  in  general,  but  are  a 
menace  to  the  future  prosperity  of  the  immigrant  to  the  arid  region, 
who,  being  unacquainted  with  irrigation  practice  and  nnfemiliar  with 
the  principles  involved,  can  not  intelligently  determine  the  relative 
merits  of  the  different  proi)ositions  presented  for  his  consideration,  and 
thus  fre(]uently  falls  a  victim  to  the  misrepresentations  of  colonization 
agents,  who,  through  the  agency  of  elaborate  and  beautifully  executed 
prospectuses,  present  the  most  alluring  descriptions  of  the  wonderftal 
opportunities  which  await  the  settler  who  will  purchase  a  quarter  sec- 
tion of  land  and  a  water  right  from  their  companies — whose  canal  maji 
in  fact,  be  perfectly  dry  for  ten  months  in  the  year.  Those  who  have 
been  thus  Induced  to  invest  their  savings  in  these  arid  lands  and 
worthless  water  rights  may  lose  not  6nly  their  money,  but  frequently 
many  years  of  time  wrestling  with  the  adverse  conditions  growing  out 
of  their  ei!brts  to  farm  arid  lands  without  a  suflicient  supply  of  water. 
They  may  succeed  in  eking  out  a  precarious  existence  for  several  years, 
but  are  likely  to  find  themselves  becoming  poorer  with  the  advance  of 
time,  until  at  last,  convinced  of  the  futility  of  their  ei!brts  and  the 
hopelessness  of  the  prospect  before  them,  they  give  up  in  despair, 
and,  moving  to  some  other  locality,  begin  anew  under  more  favorable 
conditions,  with  less  money  but  with  a  vastly  increased  fund  of  infor- 
mation concerning  the  importance  and  necessityof  a  safe  and  certain 
water  right  in  order  to  profitajjly  conduct  agricultural  operations  in  the 
arid  region. 

THE  DISTRICT  SYSTEM. 

Another  method  of  constructing  or  otherwise  obtaining  a  system  of 
works  for  the  irrigation  of  a  given  area  of  land  is  what  is  known  as  the 
"district  irrigation  system."  The  law  under  which  this  system  is 
carried  out  originate<l  in  California,  and  altiiough  its  general  features 
have  been  copied,  with  greater  or  less  modification  of  details,  into  the 
statutes  of  some  other  States,  notably  Idaho  and  Nebraska,  the  oi)era- 
tions  under  the  system  have  been  almost  wholly  confined  to  the  first- 
mentioned  State.  This  district  law  is  designed  to  secure  the  ownership 
and  control  of  the  water  rights  and  canal  systems  by  the  people  of  the 
districts  organized  under  its  provisions.  A  district  may  be  organized 
by  a  vote  of  two-thirds  of  its  residents,  upon  an  order  of  the  board  of 
C(mnty  commissioners,  which  acts  upon  ])etition  of  a  certain  number  or 
a  certain  proportion  of  the  residents  of  the  territory  ])roposed  thus  to 
be  organized  as  a  district.  After  the  organization,  bonds  for  the  con- 
struction or  purchase  of  the  works  or  property  necessary  to  the  object 
in  view  may  be  voted,  which  bonds  become  a  lien  ufion  the  real  prop- 
erty within  the  district.  The  interest  is  ])aid  by  assessments,  similar  to 
other  imblic  taxes,  and  the  operating  expenses  are  raised  either  by 
assessments,  by  valuation  or  acreage,  or  by  tolls  for  the  use  of  the  water. 
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This  system  has  many  theoretical  advantages,  bat  its  operation  in  Oali- 
forDia  has  uot  justified  the  prophecies  of  its  advocates,  and  new  dis- 
tricts are  uot  being  formed  under  it.  The  powers  granted  the  districts 
seem  to  have  been  exercised  in  many  cases  with  poor  judgment,  and 
heavy  bonded  indebtedness  was  incurred  without  corresponding  advan- 
tages to  the  landowner  in  the  form  of  water  for  his  needs.  In  some 
instances  the  provisions  of  the  law  seem  to  have  been  taken  advantage 
of  for  the  purpose  of  turning  unremuuerative  existing  property  and 
water  rights  into  interest-bearing  district  bonds.  Like  other  business 
enterprises,  it  depends  for  its  success  upon  the  judgment  and  honesty 
of  those  intrusted  with  the  management  of  the  business  of  the  dis- 
tricts thus  organized. 

Each  system  and  locality  has  its  own  peculiar  features,  and  the 
best  location  and  system  is  therefore  a  matter  for  careful  investigation 
as  to  relative  advantages,  always  having  in  mind,  however,  the  cer- 
tainty of  the  water  supply,  which  is  often  the  most  difficult  matter  for 
the  newcomer  to  get  reliable  information  about.  As  this  condition  is 
the  principal  factor  in  successful  farming  operations,  when  it  is  satisfied 
such  operations  intelligently  conducted  will  generally  prove  certain  and 
remunerative  under  any  of  the  plans  herein  described. 

OFEBATION  OF  CANALS. 

The  owner  of  an  individual  ditch  operates  it  as  he  pleases,  subject  only 
to  the  State  laws  governing  the  diversion  and  use  of  water.  But  when 
several  persons  are  interested  in  the  same  ditch,  the  necessity  for  some 
system  of  control  arises.  In  the  case  of  unincorporated  community 
canals  this  control  is  secured  by  the  selection  of  a  water  master,  who  is 
usually  one  of  the  owners,  to  have  charge  of  the  operation  and  mainte- 
nance of  the  system  and  the  distribution  of  its  water  to  those  entitled 
to  its  use.  It  is  on  the  large  corporation  canals,  however,  that  the 
necessity  for  a  careful  system  of  operation  and  management  is  most 
apparent.  Many  of  these  canals  are  more  than  50  miles  long,  and  num- 
ber their  water  users  by  hundreds.  The  Eidenbaugh  Canal  (see  PI. 
U),  in  the  Boise  Valley,  Idaho,  furnishes  water  to  more  than  600  farm- 
ers. The  High  Line  Oanal,  in  Colorado,  has  433  consumers  under  it; 
the  Loveland  and  Greeley  has  257,  and  many  other  systems  are  as 
large  or  larger.  It  can  thus  be  readily  seen  that  the  proper  operation 
of  such  canals  involves  a  very  thorough  business  organization  and 
careful  attention  to  many  important  details. 

The  practical  operation  of  corporation  canal  systems  is,  like  their 
construction,  under  the  control  of  the  executive  officer  or  officers  of  the 
company,  but  the  representative  with  whom  the  farmer  and  irrigator 
comes  into  most  frequent  and  intimate  contact  is  the  ditch  rider,  who 
is  generally  appointed  by  the  manager  or  president  His  duties  con- 
sist in  patrolling  the  ditch  throughout  the  season  of  actual  operation. 
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for  tho  purpose  of  seein^:^  that  tlie  works  are  iu  good  repair,  and  to 
superinteDd  the  pro])er  distribation  of  water  to  the  various  stockliold- 
crs  or  irrigators  from  the  system,  and  are  somewhat  similar  to  thoae  of 
tho  water  commissioner  liereafter  described,  the  main  canal  in  this  case 
taking  the  place  of  the  stream,  and  the  contracts  or  stock  the  place  of 
tho  priority  decree.  In  order  to  properly  distribute  the  water  the  ditch 
rider  is  provided  with  a  list  of  the  persons  liaving  water  rights  from  the 
canal,  showing  the  amount  to  which  each  is  entitled  under  his  contract; 
or,  in  case  of  community  stock  companies,  with  a  list  of  the  stockhold- 
ers and  the  amount  of  stock  owned  by  each.  Such  a  list  fiirnishes  the 
necessary  data  to  enable  him  to  distribute  the  water  according  to  the 
quantity  or  proportion  called  for  by  these  respective  interests. 

The  larger  irrigation  systems  generally  have  several  distribntary 
canals  leading  from  the  main  one  and  following  as  nearly  as  i)0S8ible 
the  ridges  or  highest  ground  of  the  areas  designed  to  be  watered  from 
them.  Such  distributaries  obviate  the  necessity  for  such  long  and 
expensive  individual  lateral  ditches  as  would  be  necessary  if  all  such 
laterals  diverted  directly  from  the  main  canal.  The  expense  of  Individ* 
ual  diverting  works,  as  well  as  the  danger  attendant  upon  a  multitude 
of  diversions  from  the  main  canal,  is  also  much  reduced.  The  distrib- 
utaries also  generally  follow  the  slopes  of  the  ridges,  and  do  not  have  a 
uniform  light  grade,  as  is  the  case  with  the  main  canals.  Sometimes, 
also,  natural  drainage  channels  are  followed,  thus  materially  reducing 
their  cost  of  construction. 

At  various  points  along  the  main  canal  or  distributary  lateral 
branches  are  diverted  for  conveying  the  water  to  the  land  of  the  indi- 
vidual consumers.  As  the  amount  to  which  ciich  user  is  entitled  is 
limited,  it  becomes  necessary  to  plac;c  regulating  structures  at  the 
points  of  diversion  for  the  purpose  of  regulating  the  flow  int.o  these 
laterals.  These  consist  of  wooden,  box-like  structures  in  which  sliding 
gates  are  placed,  by  which  the  size  of  aperture  from  the  main  canal  is 
regulated  and  the  How  of  water  therefrom  controlled.  (See  PI.  IV.) 
Where  considerable  accuracy  of  results  is  attempted,  there  is  also 
placed  in  the  lateral  diti'h  below  the  regulating  gates  a  weir  whose  flow 
for  all  depths  is  computed  and  tabulated,  and  for  the  purpose  of  deter- 
mining the  depth  at  any  time  a  graduated  scale  is  so  placed  with  refer- 
ence to  the  weir  that  the  depth  can  be  conveniently  and  accurately  read 
ofl;  (See  Pis.  V  and  VI.)  When  it  is  desired  to  deliver  into  a  lateral,  so 
arranged,  a  given  volume  of  water,  it  is  merely  necessary  for  the  ditch 
rider  to  consult  his  weir  tables  and  find  the  depth  over  this  weir  neces- 
sary to  discharge  the  required  amount.  lie  then  initreases  or  lessens 
the  opening  from  the  main  canal  by  moving  the  sliding  gate  in  the 
regulating  structure  until  the  required  depth  over  the  weir  is  realized. 
This  is  the  most  important  duty  of  the  ditch  rider,  and  for  its  proper 
execution  he  is  expected  to  make  a  trip  daily  over  the  entire  canal,  or 
his  division  of  it,  and  to  examine  and  regulate  the  gate  of  every  con- 
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sumer.  He  usually  travels  on  horseback  or  in  a  two- wheeled  eart,  and 
carries  a  shovel,  a  hatchet,  a  small  sharp -pointed  bar,  and  frequently  a 
number  of  empty  sacks.  The  hatchet  is  used  to  repair  structures  and 
nail  on  boards  which  may  have  become  loosened;  the  bar  is  for  raising 
gates  which  maybe  difficult  to  move  by  hand;  and  the  shovel  and 
sacks  are  frequently  required  for  the  repair  of  banks  aiid  the  stoppage 
of  holes  caused  by  the  work  of  gophers,  muskrats,  and  other  burrow- 
ing animals,  whose  depredations  frequently  result  in  serious  and  expen- 
sive breaks  in  the  embankments.  The  holes  thus  made  are  usually 
small  and  insignificant  at  first,  but  become  rapidly  enlarged  through  the 
erosion  of  the  escaping  waters,  and  if  not  stopped  eventually  result  in 
a  breach  carrying  away  a  portion  of  the  embankment.  The  ditch  rider, 
however,  is  expected  to  inspect  the  wl^ole  works  under  his  charge  daily, 
and  usually  detects  the  leaks  by  means  of  the  escaping  waters  before 
serious  results  ensue.  Upon  the  discovery  of  a  leak  thus  caused,  his 
first  efiforts  are  directed  to  the  location  of  the  point  on  the  inside  of  the 
bank  at  which  the  water  enters  the  hole.  This  is  frequently  detected 
through  the  eddy  or  vortex  appearing  at  or  near  the  opening.  Having 
located  this  point,  the  orifice,  if  small,  can  be  closed  by  pushing  into 
the  hole  one  or  two  empty  sacks;  if  already  too  large  to  be  closed  in 
this  manner,  it  can  usually  be  accomplished  by  first  filling  a  few  sacks 
a  half  or  a  third  full  of  loose  earth  and  ramming  them  into  the  mouth 
t)f  the  opening  into  which  the  water  from  the  ditch  is  passing.  In  this 
manner  holes  of  considerable  size  can  usually  be  effectually  stopped  in 
a  few  minutes. 

The  regulating  gates  before  mentioned  are  frequently  kept  locked, 
as  already  stated,  and  the  key  thereto  carried  by  the  ditch  rider. 
When,  as  frequently  occurs,  a  water  consumer  has  com])leted  his  irri- 
gation and  has  for  the  time  being  no  use  for  water,  he  may  desire  that 
it  be  shut  out  from  his  lateral.  In  such  cases  he  leaves  a  note  tacked 
to  his  head  gate,  requesting  the  ditch  rider  to  shut  it  off  at  a  specified 
time,  and  in  the  same  manner  notifies  him  to  turn  it  on  when  he  again 
needs  it.  The  ditch  rider  gets  these  messages  when  he  makes  his  daily 
round  over  the  ditch. 

Where  a  ditch  does  not  exceed  12  or  15  miles  in  length  one  ditch 
rider  is  expected  to  patrol  its  entire  length,  but  upon  more  extensive 
systems  several  may  be  required  to  perform  these  duties.  Where  there 
are  several  required  the  canal  is  divided  into  divisions,  each  of  which 
is  patrolled  by  a  separate  rider.  In  such  cases  the  length  of  a  division 
ridden  by  one  man  depends  upon  the  character  of  the  duties,  varying 
materially  with  the  amount  of  repairs,  the  danger  of  breaks  and  leaks, 
and  the  number  of  regulating  gates  to  look  after.  The  average  length 
of  a  division  is,  however,  from  12  to  15  miles,  and  the  average  compen- 
sation for  the  work  ranges  from  $50  to  $75  per  month,  out  of  which 
he  must  pay  his  own  board  and  furnish  and  maintain  his  own  horse 
and  cart. 
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METHODS  OF  APFLTIHG  WATEB  TO  THE  LAHD. 

Where  an  irrigator's  land  is  coutiguous  to  the  main  canal  or  distrib- 
utary, he  may  have  independent  diverting  works  or  lateral  ditches.  . 
When,  however,  as  usually  ha[>i>ens,  their  position  and  the  toi)ograpby 
of  the  ground  is  such  that  a  number  of  farms  can  be  served  by  the 
construction  of  a  single  lateral,  such  is  usually  the  method  adopted. 
These  laterals  are  usually  constru<;ted  as  partnership  or  community 
ditches,  and,  are  frequently  extended  and  enlarged  to  meet  the  neces- 
sities of  increased  acreage  and  additional  farms.  Each  irrigator  is 
usually  re(]nired  to  (contribute  in  money  or  labor  to  the  cost  and  main- 
tenance of  such  ditches  such  a  proportion  of  their  whole  cost  as  his 
water  bears  to  the  whole  quantity  of  water  carried,  although  sometimes 
the  assessments  are  made  also  somewhat  proportionate  to  distance 
from  the  head  of  the  lateral.  On  most  systems  the  ('om])any's  respon- 
sibility ceases  after  turning  into  the  head  of  such  individual  or  com- 
munity laterals  a  (|uantity  of  water  e<iual  to  the  aggregate  amount  to 
which  all  the  users  from  it  are  entitled,  the  operation  of  the  lateral 
and  the  distribution  of  water  among  the  various  consumers  being  left 
to  be  arranged  by  the  interested  parties.  Where  there  are  many  users 
from  a  common  lateral  they  usually  select  one  of  their  number  to  take 
charge  of  the  distribution  of  the  water,  whose  duty  it  is  to  see  that 
sufficient  water  is  turned  into  the  lateral  by  the  com])any's  ditch  rider, 
and  that  it  is  equitably  distributed  among  those  entitled  to  its  use. 
The  proper  location  of  these  laterals  is  a  matt(?r  of  very  great  impor- 
tance to  economical  and  successful  irrigation,  and  too  great  care  can  not 
be  exercised  in  planning  them,  both  to  obviate  the  necessity  for  a 
multiplicity  of  ditches  and  to  secure  the  best  possible  advantages  for 
diverting  the  water  over  the  lands  to  be  irrigated. 


Individual  farmer's  ditches  are  re(iuired  to  convey  the  water  from 
these  community  laterals  to  the  phices  on  the  area  to  be  irrigated  from 
which  it  can  be  most  advantageously  spread  over  the  ground  for  the 
irrigation  of  the  various  crops.  These  ditches  should  generally  follow 
the  ridges  and  higher  contour  of  the  area  to  be  watered,  and  great  care 
should  be  exercised  in  their  location,  so  that  all  the  land  can  be  cov- 
ered. Large  areas  of  crops  are  frequently  burned  ui)  through  the 
careless  and  faulty  location  of  these  small  ditches.  Experience  gained 
in  such  a  manner  is  expensive,  and  too  much  care  can  not  be  exercised 
to  secure  their  proper  location  in  the  first  instance.  The  diverting 
works  on  these  lateral  and  individual  ditches  are  usually  reduced 
copies  of  those  used  on  the  main  csinal,  being  in  this  country  most 
often  wooden  boxes  with  sliding  regulating  gates.  In  the  case  of 
uneven  and  rolling  ground  it  is  freciuently  found  necessary  to  divert 
water  from  several  places  on  the  main  lateral  to  secure  the  ]>roi)er 
irrigation  of  a  single  farm.    The  \>TO\>eT  \o^v!k.t\o\i  of  all  distributing 
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ditches  is  possible  only  after  a  very  careful  stndy  of  the  topography  of 
the  ground  in  eacli  particular  case. 

Th€i  irrigator,  having  his  stream  of  water  in  his  own  lateral,  which  is 
constructed  across  the  highest  part  of  the  field  to  be  covered,  is  now 
ready  for  its  actual  application  to  the  growing  crops.  If  his  land  is 
very  favorably  located,  with  comparatively  uniform  slopes,  his  lateral 
is  probably  in  a  straight  line  across  the  upper  end  or  side  of  his  field, 
with  the  greatest  slope  of  the  land  at  right  angles  to  it.  If  his  land  has 
not  so  uniform  a  surface,  his  lateral  may  follow  its  irregular  contour  or 
be  kept  straight  by  diking  it  across  the  low  places.  In  general  the 
lateral  ditches,  from  which  actual  application  of  the  water  to  the  crop 
is  accomplished,  should  follow  the  line  of  least  descent  from  the  highest 
point  of  the  field,  the  greatest  slopes  being  perpendicular  to  them. 
There  are  several  methods  of  applying  the  water  to  the  land  to  be  irri- 
gnted.  Of  these  the  two  moat  common  and  generally  used  are  the 
''flooding"  and  "  furrow"  systems. 

FLOODING  SYSTEM. 

Under  the  flooding  system  small  parallel  ditches  are  constructed 
every  hundred  feet  or  so,  according  to  the  slope  of  the  ground.  Where 
the  surface  is  broken  they  will  be  irregular  and  will  follow  along  the 
ridges.  These  ditches  should  also  have  a  slight  fall,  the  steepest  slepe 
being  at  right  angles  to  them.  Such  ditches  are  usually  simply  furrows 
made  with  a  heavy  moldboard  plow,  and,  where  the  crop  is  grain,  they 
are  filled  back  by  the  plow  before  harvesting.  These  ditches,  being 
cut  at  convenient  points,  allow  the  water  to  run  out  and  spread  over 
the  adjacent  land.  The  water  thus  released  at  once  begins  to  follow 
tho  lines  of  quickest  descent,  and  in  so  doing  spreads  out  over  the 
ground  as  it  proceeds,  dividing  into  numerous  branches  or  rills  as  it 
increases  its  distance  from  the  opening  in  the  ditch.  For  the  purpose 
of  facilitating  its  spreading  and  to  insure  its  thorough  application  to 
every  portion  of  the  surface,  the  irrigator  follows  its  course,  and  by 
means  of*  a  long-handled  shovel  guides  it  to  every  portion  of  the  field. 
This  guiding  is  done  by  moving  a  few  shovelfuls  of  earth  here  and 
there,  and  thus  separating  the  various  small  rills  and  starting  the 
branches  in  different  directions.  In  this  way  the  irrigator  follows  the 
water  through  the  field  and  prevents  its  collecting  in  the  depressions, 
leading  it  out  upon  such  points  as  would  without  his  assistance  be 
missed  by  the  water.  Where  only  one  operator  is  at  work  it  is  usually 
advisable  not  to  make  very  many  openings  in  the  ditch  at  one  time, 
since  to  do  so  may  result  not  only  in  a  waste  of  water  through  its  con- 
centration into  larger  streams  which  rapiilly  escape  to  lower  ground 
where  it  may  not  be  needed,  but  its  concentration  for  long  periods  in 
the  depressions  of  the  surface  is  likely,  through  oversaturation,  to 
damage  the  crop  at  those  places.  When  the  area  which  can  be  most 
conveniently  irrigated  from  the  openings  thus  mad^  1\9a  b^^v^  ^'^&- 
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oieiitly  moistened,  ttie  latter  are  closeil  by  tlirowing  iti  a  few  sliovelfnis 
ol'  eartli,  and  similar  oi>eiiiiiga  are  made  at  otiior  pomts,  tbe  same  pro- 
cess being  there  re[>e!ited,  aLd  so  ou  until  the  irrigation  nf  the  wbole 
area  bas  been  coiupleted. 

The  entire  operation  is  characterized  by  mnch  greater  simplicity  than 
would  be  supposed  by  one  unfamiliar  with  the  practice  of  irrigation, 
only  presenting  features  of  serious  inconvenience  wfaeii  the  sarfaoe  to 
which  the  water  iH  applied  is  very  irregular  and  broken,  the  sIo|>e8 
st«ep,  and  the  soil  loose  and  friable  to  such  an  extent  as  to  be  easily 
eroded.  Kveu  under  those  circumstances  no  real  ditliculty  is  presented, 
though  the  work  is  thereby  rendered  slower  and  more  tedious  through 
the  greater  care  required  in  handling  the  water,  and  because  a  large 
volume  can  not  be  handled  at  one  time  on  account  of  tbe  greater  liabil- 
ity of  washing  away  the  top  soil  and  thereby  injuring  tbe  land.  For- 
tunately, however,  most  of  the  farming  laud  in  the  arid  region  lutis  a 
Comparatively  uniform  surface,  aud  this  difficulty  is  therefore  not  fre- 
quently encountered.  The  land  so  preponderates  over  the  available 
water  supply  in  most  localities  that  neither  the  necessity  nor  the  in- 
ducement exists  for  developing  and  improving  lauds  of  great  irrega- 
larity  of  surfaoe,  and  it  is  not  generally  nor  freijuently  done. 

Under  this  system  an  experienced  irrigator  can  cover  from  10  to 
20  acres  a  day,  the  area  dei>endiug  upon  the  character  of  the  land 
surface  and  the  volume  of  water  at  his  disposal.  For  such  urops  as 
grain,  alfalfa,  clover,  and  the  various  grasses — for  everything,  in  &ct, 
which  is  sown  broadcast  aud  is  distributed  uniformly  over  the  surface^ 
the  flooding  system  is  employed,  and  furnishes  the  best,  in  some  cases 
the  only,  practicable  methodof  applying  the  water;  but  for  many  other 
crops  this  plan  is  neither  the  most  couveuieul  nor  the  best  method. 

FORHOW  METHOD. 

Under  this  method  paiallel  furrows  are  plowed,  leading  from  the 
ditch  through  the  lield  between  tbe  rows  of  the  crop  to  be  irrigated. 
(See  PI.  VII.)  A  small  opening  is  made  in  the  ditch  to  let  tbe  water 
into  each  furrow.  A  dam  of  canvas  or  earth  is  placed  in  the  ditoh 
just  below  the  lowest  furrow  into  which  water  is  being  run  at  the  time, 
thus  holding  the  water  nearly  level  in  that  part  of  the  ditch  from  which 
it  is  being  drawn.  Where  the  slope  of  tbe  ground  is  excessive,  these 
furrows  must  be  run  diagonally,  or  irregularly,  in  order  to  re<luue  their 
grade  and  thus  prevent  erosion  of  the  sinl. 

In  the  case  of  fruit  trees  it  is  generally  found  desirable  during  very 
hot  weather  to  prevent  tbe  water  from  coming  into  actual  contact  with 
the  trees,  because  of  the  danger  of  scalding.  Flooding  the  surfaoe 
also  results,  in  some  soils,  in  baking  and  compacting  the  earth  about 
the  trunks  and  roots  of  the  trees.  To  avoid  these  consequences  the 
furrow  system  is  employed,  one  or  two  furrows  being  plowed  along 
each  side  of  a  row  of  trees,  at  a  distance  of  two  oi-  three  feet  there- 
from, aud  tbe  water  is  turned  from  the  ditch  into  these  furrows  and 
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cicMitly  moistened,  the  latter  sire  doned  by  throwing  in  a  few  shovelfals 
of  earth,  and  siinihir  openings  are  made  at  other  points,  the  same  pro- 
eesH  being  there  repeated,  and  ko  on  until  the  irrigation  of  the  whole 
area  has  been  completed. 

The  entire  operation  is  characterized  by  niach  greater  simplicity  than 
would  be  supposed  by  one  unfamiliar  with  the  practice  of  irrigatioDi 
only  ]>resenting  features  of  serious  inconvenience  when  the  surface  to 
whi(;h  the  water  is  applied  is  very  irregular  and  broken,  the  slopes 
steep,  and  the  soil  loose  and  friable  to  such  an  extent  as  to  be  easily 
eroded.  Eveu  under  those  circumstances  no  real  difliculty  is  iiresented, 
though  the  work  is  thereby  rendered  slower  and  more  tedious  through 
the  greater  care  re<|uired  in  handling  the  water,  and  because  a  large 
volume  can  not  be  handled  at  one  time  on  account  of  the  greater  liabil- 
ity of  washing  away  the  top  soil  and  thereby  injuring  the  land.  For- 
tunately, however,  most  of  the  farming  laiul  in  the  arid  region  has  a 
comparatively  uniform  surface,  and  this  difliculty  is  therefore  not  fre- 
quently encountered.  The  land  so  ]>reponderates  over  the  available 
water  supply  in  most  localities  that  neither  the  necessity  nor  the  in- 
ducement exists  for  developing  and  improving  lands  of  great  irregu- 
larity of  surface,  and  it  is  not  generally  n(»r  frequently  done. 

Under  this  system  an  experienced  irrigator  can  (tover  from  10  to 
20  acres  a  day,  the  area  depending  upon  the  character  of  the  land 
surtm^e  and  the  volume  of  water  at  his  dis])i)sal.  I'or  such  crops  as 
grain,  alfalfa,  clover,  and  the  various  grasses — for  everything,  in  fact| 
which  is  sown  broiulcast  and  is  distributed  uniformly  over  the  surface— 
the  flooding  system  is  emi)loyed,  and  furnishes  the  best,  in  some  cases 
the  only,  practicable  method  of  ap])lyiiig  the  watrr ;  but  for  many  other 
crops  this  plan  is  neither  the  most  convenient  nor  the  best  method. 

FURROW  METHOD. 

Under  this  method  parallel  furrows  are  plowed,  leading  from  the 
diteh  through  the  field  between  the  rows  of  the  crop  to  be  irrigated. 
(iSee  IM.  VII.)  A  small  opening  is  made  in  the  ditch  to  let  the  water 
into  ench  furrow.  A  <lam  of  (*anvas  or  earth  is  phiced  in  the  ditoh 
just  below  the  lowest  furrow  into  which  water  is  being  run  at  the  time, 
thus  holding  the  water  nearly  level  in  that  jiart  of  the  ditch  from  whieh 
it  is  being  drawn.  Where  the  slope  of  the  ground  is  excessive,  these 
furrows  must  be  run  diagonally,  or  irregularly,  in  order  to  reduce  their 
grade  and  thus  prevent  erosion  of  the  soil. 

In  the  case  of  fruit  trees  it  is  generally  found  dt^sirable  during  very 
hot  weather  to  prevent  the  water  from  coming  into  actual  contact  with 
the  trees,  because  of  the  danger  of  sc^alding.  Flooding  the  surface 
also  results,  in  some  soils,  in  baking  and  compacting  the  earth  about 
the  trunks  and  roots  of  the  tre^s.  To  avoid  these  consequenc^es  the 
furrow  system  is  employed,  one  or  two  furrows  being  plowed  along 
each  side  of  a  row  of  trees,  at  a  distance  of  two  or  three  feet  there- 
fromf  ixnCL  the  water  is  turned  from  the  ditch  into  these  furrows  and 
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permitted  to  traverse  them  slowly  from  end  to  end,  thoroaghly  soaking 
the  ground  as  it  progresses,  and  reaching  in  to  the  roots  without  coming 
in  contact  with  the  stems  above  the  surface.  The  necessary  moisture 
is  thus  imparted  without  the  wetting  and  subsequent  baking  of  the 
surface  which  might  result  from  flooding.  When  the  trees  are  suffi- 
ciently irrigated,  the  water  is  turned  out  of  these  furrows  and  into 
others,  the  process  being  thus  continued  until  the  whole  area  has  been 
served.  The  furrows  are  then  filled  in  with  a  plow,  the  whole  surface 
worked  over  with  a  cultivator,  and  no  trace  left  of  either  the  furrows 
or  the  application  of  water. 

This  method  also  requires  the  attention  of  an  irrigator,  to  see  that 
the  proper  amount  of  water  is  kept  in  each  furrow,  and  that  it  does  not 
break  out  and  flood  the  surface  in  places,  leaving  the  furrow  beyond 
the  break  without  water.  One  man  can  take  care  of  a  considerable 
number  of  these  furrows  at  once,  and  under  favorable  conditions  of 
surface  and  water  supply  can  accomplish  the  irrigation  of  as  great  an 
area  in  a  given  time  as  by  the  flooding  system. 

This  method  is  also  applicable  to  the  irrigation  of  corn,  and  in  fact 
of  any  crop  whatever  which  is  planted  regularly  in  rows,  a  single  fur- 
row between  each  two  rows  being  generally  used  for  such  crops. 
When  applicable  it  is  the  favorite  method,  both  for  its  convenience  and 
the  economy  of  water  thereby  effected.  But  where  the  ground  is  very 
irregular  this  plan  is  often  iuconvenient,  for  the  reason  that  the  fur- 
rows paralleling  the  rows  of  crop  would,  upon  such  surfaces,  be  up  and 
down  hill,  and  would  therefore  not  carry  water.  To  make  this  method 
applicable  in  such  cases  it  would  be  necessary  that  the  rows  follow 
approximately  the  contour  of  the  ground,  in  order  that  the  parallel 
furrows  might  carry  water  throughout  their  entire  length.  The  irriga- 
tion of  irregular  surfaces,  however,  is  generally  conducted  under  the 
flooding  system,  except  in  localities  where,  as  in  parts  of  southern 
Oalifornia,  the  value  of  the  crop  frequently  warrants  the  expense  of 
leveling  off  or  terracing  irregular  surfaces,  or  the  application  of  water 
through  buried  pipes,  as  it  is  arranged  in  the  water  supply  of  cities. 

COMPARTMENT   SYSTEM. 

A  modification  of  the  flooding  method  is  the  compartment  or  check 
system  of  irrigation  practiced  in  some  localities,  particularly  in  por- 
tions of  Arizona.  This  consists  in  dividing  the  field  to  be  irrigated 
into  squares  or  compartments  by  levees  or  dikes  of  such  height  as  to 
cause  the  water  to  stand  over  the  entire  area  of  the  compartments  at 
one  time,  the  water  being  admitted  to  each  compartment  by  means  of  a 
gate  in  the  levee.  The  water  is  allowed  to  stand  until  the  ground  has 
become  properly  moistened,  the  time  depending  largely  upon  the  char- 
acter of  the  soil.  The  compartments  or  squares  vary  in  size  according 
to  the  slope  of  the  ground,  but  are  not  usually  more  than  an  acre  or  so 
in  area. 
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CHARACTER  OF  SUPPLT  AHD  USE  OF  WATER. 

SUPPLY. 

Most  of  the  streams  of  the  arid  region  are  comparatively  small. 
This  is  the  logi(;aI  result  of  tliose  climatic  conditions  which  render 
the  region  arid.  It  is  likewise  a  consequence  of  the  proximity  of 
their  sources.  More  than  half  of  the  arid  region  is  mountainous. 
Pra(;tical]y  all  its  streams  have  their  sounu^s  within  its  borders.  Tliey 
therefore  consist  of  the  headwaters  of  larj^e  rivers  and  a  nuiltitudeof 
smaller  tributaries.  Most  of  the  latter  arc  short,  and  drain  compara- 
tively small  areas  before  joining  one  of  the  larger  streams. 

All  of  the  streams  thnmghout  this  territory  have  rates  of  fall  which 
are  excessive  in  comparison  with  those  found  on  the  streams  of  the 
larger  i)art  of  the  humid  region.  The  reason  for  this  is  found  in 
the  topography  of  the  country.  In  the  middle  of  the  arid  region  are 
located  the  main  ranges  of  the  Kocky  Mountains,  which  constitute  the 
backbone  of  the  continent,  the  divid<'  between  the  Atlantic  Hud  the 
Pacific.  The  lands  on  both  sides  of  this  ridge  sIo|)e  rapidly,  and  the 
water  courses,  following  generally  along  the  lines  of  quickest  descent, 
have  corres]M)nding  declivities. 

In  the  humid  regicui  t\\o  rivers  are  chietly  fed  from  rain,  the  highest 
water  being  generally  ex]K^rienced  in  Kobrnary  and  March.  Those  in 
the  arid  regi<m,  as  a  rule,  carry  but  little  water  at  this  season  of  the 
year,  because  there  is  little,  if  any,  rainfall  at  this  time.  With  few 
exceptions,  there  is  no  rainy  season  within  the  ordinary  meaning  of 
the  term.  The  ])re<'ipitiition  ordinarily  occtnrs  in  the  form  of  snow,  and 
even  this  is  not  abundant  except  in  the  mountains.  It  is  only  in  a  few 
localities  tliat  streams  in  the  arid  region  are  appre(;iably  and  for  con- 
siderable periods  directly  atl'eeted  by  the  rainfall,  sncth  as  southern 
California  and  parts  of  Arizona  and  New  Mexico,  where  a  more  or  less 
distinctly  rainy  season  prevails  and  the  streams  nsnally  carry  their 
maxiunim  volume  in  tlie  winter  and  very  early  spring.  Hut  in  the 
region  under  consideration  in  this  bulletin,  the  source  of  supply  and 
the  cause  of  periodical  high  water  is  found  in  the  fall  of  snow  which 
occurs  upon  the  mountain  ranges  during  the  fall,  winter,  and  spring 
months.  It  is  the  melting  of  this  snow  with  the  advent  of  warm 
weather  which  causes  the  period icral  rises,  and  it  is  therefore  only 
during  the  spring  and  early  summer  that  tlie  water  couises  throughont 
the  major  portion  of  the  arid  region  experience  any  ronsiderable  and 
permanent  increase  in  volume  of  discharge,  April,  May,  and  June 
being  the  high-water  months  (see  PI.  VIII).  They  always  show  high 
water  at  this  time  whether  there  has  been  any  rain  or  not,  the  volume 
of  Hood  dei>en<ling  upon  the  amount  of  snow  to  be  melted,  and  its 
relative  duration  being  determined  by  the  warmth  of  the  season  and 
the  conse^iuent  rapidity  with  which  the  snow  disappears.  Those 
streams  taking  their  supply  from  the  higher  mountain  ranges  do  not 
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F  Boise  Rv'jts.. 


definitely  respoDd  to  the  effeetB  of  warai  weatlM-ir  vntfl  nboat  the 
^liddle  or  last  of  Apiil:  tbe  loaxiiDiiin  is  readied  n^Mot  June  L,  jmd 
t^  cx^mplete  sabsideiice  of  the  flood  oocors  from  July  1  to  Juhr  IS. 
^"lien  the  winter^s  supply  of  snow  hae  disappeaied  tiie  fEtrawis  mgMm 
flbrink  to  the  nomuJ  Tolnme  wfaidi  <^iarac^erizes  tbeir  flow  Hdt  aboat 
woe  mouths  of  the  rear,  die  MNiroe  of  wliicfa  eoiisiste  principallj  of 
^M-in^  iu  tlie  moiuitmiiis  and  tbe  setting  of  perennial  anoir  banks 
wbose  sbelteied  locations  iu  tbe  higber  ranges  wbere  tbe  intebse  beat 
^  summer  never  prevails  eaoses  tbeir  mating  to  proceed  wmare  slowly 
^nd  gradually  tban  at  lesser  elevatKms. 


Tbe  inigation  season,  or  tbe  poiod  dming  wbid  tbe  application  of 

wmtcr  is  practiced^  varies  witbin  wide  limits.    In  tbe  sontbeni  parts  of 

Arizona  and  New  Mexico  water  is  nsed  tbrongboot  tbe  entiie  year. 

Tbe  conduits  in  these  localities  are  k^t  mnning  winter  and  somber, 

being  closed  down  only  when  a  break  or  aceideut  oecnrs  or  wben  it  is 

neeessary  to  clean  out  tbeir  channels  or  wben  (in  tbe  ease  of  tbose  of 

reeent  ]iriorities )  the  stage  of  water  in  tbe  streams  wbence  tbeir  sop]ily 

is  diverted  does  not  entitle  tbem  to  its  use.    In  tbe  moie  northerly 

re^ons  the  date  npou  whi<^  water  is  turned  into  tbe  conduits  variee 

between  March  1  and  May  1,  and  it  is  g^ierally  tomed  off  lor  tbe 

season  between  Novemba*  1  and  December  1,  d^iending  np^n  tbe 

climate  and  the  character  of  crops  prodnced.     In  Colorado  and  Idaho 

these  dates  are  fixed  by  statute,  and  are  April  1  and  November  1, 

re^iectiv^y^  thoagh  water  may  be  turned  in  as  mach  earlier  an<l  kept 

running  as  much  later  as  tbe  weather  will  permit. 

The  irrigation  season  is,  however,  with  lefermce  to  the  necessities  of 
the  crops  under  cultivation  (except  in  the  southern  territory  named), 
of  shorter  duration  tbui  that  indicated  by  tbe  dates  limiting  the  flow 
of  water  in  canals.  The  latter  may  be  consideied  the  limits  within 
which  the  flow  of  water  is  practicable  throughout  tbe  more  northerly 
parts  of  the  territory  under  consideration.  With  the  exception  of  the 
grasses,  and  perhaps  al&lfa.  few  crops  require  irrigation  earlier  than 
May  1,  ncH-  do  they  often  rexjuire  it  later  than  September  15. 

Tbe  quantity  of  water  neeessary  or  used  for  irrigation  fluctuates 
during  tbe  irrigating  season,  but  unfortunately  the  period  of  maximum 
use  does  not  coincide  with  the  period  of  maximum  flow  of  the  streams 
On  some  streams  the  low- water  flow  is  reached  before  the  end  of  tbe 
p^od  of  maximum  demand  for  water,  and,  as  the  flow  available  at 
such  time  limits  the  irrigating  efficiency  of  the  stream,  the  flood  waters 
are  of  no  material  benefit  to  the  irrigator.  On  other  streams  tbe 
maximum  use  is  over  before  thec^omplete  subsidence  of  tbe  high-water 
flow,  some  of  which  is  consequently  not  utilized.  The  time  of  greatest 
need  for  water  varies  somewiiat  in  different  localities,  but  generally 
there  is  very  little  water  used  in  Aprils  and  tb^  ^xian^t^S  ^oa^vs^"^^ 
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is  relatively  animportant.  June  and  July  are  the  months  of  maximam 
use,  and  the  use  in  Au^st  is  usually  considerably  greater  than  that  in 
May.  After  September  1  the  necessity  is  again  relatively  unimportant 
(see  PI.  IX). 

Considerable  data  bearing  npon  this  subject  has  been  collected  during 
the  present  year.  Some  investigations  have  been  previously  made  by 
the  State  engineers  and  experiment  stations  in  Colorado,  Wyoming, 
Utah,  and  Idaho.  From  these  results  the  relative  quantities  of  water 
used  during  the  diil'erent  months  may  be  approximated  as  follows: 

POTo«nt. 

May  ..-. 10 

Jano 30 

July 30 

AngiiHt 20 

Sopteiuber 10 

The  proportion  of  the  total  nnnunl  discharge  cnrried  by  the  streams 
during  the  difierent  months  may  be  roughly  stated  us  below : 

Percpiit. 

April 10 

May 25 

June 25 

July 10 

AuffUBt  to  March,  incIuHivo  (mgiit  immtiiH; 30 

From  sin  insi>Cf'tion  of  the  alM)vo  figures  we  find  that  the  August  flow 
of  stresnns  is  the  flow  whi<'Ji  limits  their  irrigating  ca])acity,  and  that 
not  more  than  about  liO  [)er  cent  of  their  t(»tal  annual  discharge  can  be 
niado  available  for  irrigation  from  thoir  natural  flow.  Of  course  this 
is  only  an  approximation,  but  it  is  believ^ed,  from  the  data  at  hand,  that 
this  pro|)ortioii  will  be  found  substantially  true  of  most  of  the  streams 
in  the  region  under  consideration. 

STORAGE  OF  WATER. 

If  rivers  were  highest  at  the  time  when  irrigators  had  greatest  need 
of  watiT  the  problem  of  utilizing  the  entire  water  supply  would  be  much 
simpler  than  it  is.  In  that  ease  the  area  irri;rat(Ml  eould  be  extended 
until  the  demand  on  the  stream  exsurtly  ei|ualed  its  supply  and  the 
entire  Mow  eould  be  utilized  by  diverting  it  dire(;tly  from  the  river  onto 
the  land.  This  (roineidenee,  however,  does  not  occur.  It  has  been  seen 
that  most  streams  begin  to  rise  about  April  1  and  reach  their  highest 
point  on  or  before  «lune  1.  The  period  when  irrigati(m  begins  varies  in 
difierent  States  and  different  altitudes  in  tin*  same  States  and  with  the 
end  of  the  spring  rains.  In  Montana,  Idaho,  and  Wyoming  it  is  later 
than  in  Ttah  and  Colorado.  In  the  Stiites  first  named  there  is  little 
irrigation  before  May  1  and  fully  one-half  of  the  water  used  is  needed 
after  July  1.  Hence  it  foHowH  that  one-half  of  the  annual  flow  of  most 
rivers  has  passe<l  the  irrigators  head  gate  before  the  time  of  greatest 
need  is  rciiched,  and  a  large  percentage  is  gone  before  irrigation  begins. 
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The  effect  of  this,  as  shown  above,  is  to  restrict  the  area  which  can  be 
profitably  irrigated  to  that  sapplied  by  the  July  and  August  discharge 
of  streams^  rather  than  to  their  discharge  in  the  flood  season,  and  to 
cut  down  the  area  which  can  be  irrigated  by  the  natural  flow  alone 
to  from  one-half  to  one- fifth  of  what  could  be  reclaimed  if  the  floods 
which  now  run  to  waste  could  all  be  stored. 

Where  the  topography  of  the  country  is  favorable  this  loss  of  water 
may  be  prevented  or  greatly  diminished  through  the  construction  of 
reservoirs  for  storing  the  surplus  during  the  early  part  of  the  season 
for  use  in  the  later  months.  In  order  to  accomplish  this,  lofty  and  ex- 
pensive dams  have  been  built  across  the  canyons  of  mountain  streams. 
(See  PI.  X.)  The  greater  number  of  storage  sites  which  have  been  util- 
ized, and  those  which  give  the  largest  return  for  a  given  expenditure  of 
money,  are  the  lakes  often  found  near  the  heads  of  streams  and  the 
natural  basins  or  depressions  frequently  found  in  the  valleys  which  bor- 
der them.  In  some  localities  these  basi  ns  are  quite  numerous  and  extend 
for  a  long  distance  from  the  stream  out  into  the  plains  which  border 
them.  Others  are  broad  openings  or  valleys  in  the  mountains  which 
were  doubtless  formerly  lakes,  but  which  have  been  flUed  by  sedimen- 
tation. The  basins  found  on  the  plains  are  more  desirable,  both  because 
they  are  nearer  the  place  where  water  is  to  be  used  and  are  freer  from 
floods,  and  because  it  usually  requires  a  smaller  outlay  to  improve 
them.  To  do  this  requires  the  construction  of  a  canal  to  fill  them,  and 
of  outlet  works  for  drawing  ofif  the  water  and  transporting  it  to  the  land 
to  be  irrigated.  Many  of  these  basins  are  in  the  form  of  a  great  bowl, 
completely  inclosed  on  all  sides,  so  that  no  dam  or  embankment  is 
required ;  but,  on  the  contrary,  there  has  to  be  constructed  either  an 
open  cut  or  a  tunnel  through  the  surrounding  rim,  through  which  a 
pipe  or  some  other  form  of  conduit  is  placed  for  drawing  ofTthe  water 
whenever  it  is  required.  In  other  cases  the  surrounding  rim  of  the 
basin  may  not  be  continuous,  low  places  existing  which  require  the  con- 
struction of  embankments  to  retain  the  wat^r. 

The  improvement  of  mountain  reservoirs  is  essentially  the  same  as 
that  of  those  found  on  the  plains,  but  the  utilization  of  the  water  supply 
involves  some  problems  not  presented  by  those  which  exist  on  the 
plains.  In  the  plains  reservoirs  the  water  is  usually  conducted  directly 
to  the  lands,  but  in  those  of  the  mountains  it  has  to  be  first  turned  back 
into  the  river  and  carried  with  the  natural  flow  of  the  stream  to  the 
headgates  of  the  ditches  or  canals  through  which  it  is  to  be  diverted 
and  used.  This  is  necessary  because  of  their  distance  from  and  their 
great  elevation  above  the  lands  on  which  it  is  to  be  used.  The  Cham- 
bers Lake  reservoir,  at  the  head  of  the  Poudre  Eiver,  is  75  miles  from 
the  head  of  the  ditch  which  is  entitled  to  divert  the  stored  water.  The 
projected  reservoirs  at  the  head  of  Piney  Creek,  in  the  Big  Horn  Moun- 
tains, are  from  16  to  40  miles  from  the  ditches  which  are  to  utilize  the 
wdter  they  will  hold,  and  the  construction  of  a  complete  8tora^<^  s^o^tAnaoL 
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for  the  utilization  of  the  floods  of  alinost  any  stream  would  require  that 
some  of  the  stored  water  be  carried  in  the  natural  channel  for  long 
distances. 

In  many  localities  it  is  difli<;ult  or  impossible  to  oiierate  canals  during 
the  winter  months.  In  such  <'ases  it  is  impossible  to  store  the  winter 
flow  in  reservoirs  which  lie  outside  of  the  channel  of  the  stream  and 
which  have  to  be  filled  by  means  of  ditches.  It  is  only  by  means  of 
lakes  at  the  heads  of  streams,  or  the  reservoirs  created  by  dams  along 
their  channel,  that  the  winter  flow  of  these  streams  can  be  stored  and 
utilized.  Such  reservoirs  must  be  so  constructed  that  the  surplus  water 
shall  pass  over  the  top  of  the  dam  or  throu||;h  a  wasteweir  provided  for 
that  purpose,  as  in  no  other  way  could  the  rights  of  i>rior  claimants  to 
the  natural  flow  of  the  stream  be  protected.  Whenever  the  stored 
water  is  needed  it  is  turned  out  through  large  gates  in  the  bottom  of 
the  dam.  This  lowers  the  water  surface  of  the  reservoir  and  ends  the 
discharge  of  the  natural  flow  over  its  surfat'C  or  through  the  wasteweir 
provided.  The  question  then  (;oines  as  to  the  division  of  the  natural 
flow  and  of  the  volume  released  from  the  reservoir,  and  this  reciuires 
that  meiisurements  be  made  to  determine  the  amount  of  each.  This 
is  usually  accomplished  by  means  of  ;i  weir  or  measuring  flume  placed 
immediately  below  the  reservoir  through  which  the  water  parses  and 
by  the  construction  of  a  similar  measuring  device  to  measure  the 
natural  flow  of  the  stream  above  the  n^servoir.  Where  the  stored 
water  is  diverted  another  measurement  is  required,  the  second  gaug- 
ing being  for  the  purpose  of  determining  that  the  amount  taken  out 
shall  not  exceed  the  amount  of  tin*  stored  water  turned  from  the  reser- 
voir above. 

Within  the  ])ast  ten  years  many  of  these  basins  have  been  improved 
and  water  has  been  stored  with  the  most  satisfactory  and  profitable 
results.  Many  irrigation  enterprises  with  inferior  priorities  whose 
patrons  prior  to  the  enjoyment  of  this  supplemented  supply  seldom 
were  able  to  irrigate  later  than  the  1 5th  of  tluiie,  have,  since  the  con- 
struction of  these  st<>rage  works,  been  ])Iaced  in  a  ]>osition  of  equality 
with  those  having  the  oldest  and  best  priority  rights. 

With  these  benetlts  there  are  also  complications.  If  a  eom])rehen8ive 
system  of  storage  is  to  be  adopted  it  will  doubtless  greatly  increase  the 
difficulty  of  dividing  water  among  the  different  e.laimants  to  aex)mmon 
supply  and  make  it  necessary  to  have  additional  legislation  to  define 
the  character  of  the  rights  to  these  stored  waters. 

The  benefits  which  have  already  come  from  the  eonstriietion  of  reser- 
voirs have  been  of  the  most  substantial  character,  but  their  improve- 
ment and  operation  has  also  added  largely  to  the  annual  cost  of  water 
and  a  canal  with  an  early  priority  right  which  gives  a  definite  and 
abundant  water  su[>ply  without  their  ai<l  is  miu;h  t^o  be  preferred. 
Keservoirs  are  simply  a  secondary  means  of  utilizing  waters  which 
otbonvise  run  to  waste  and  they  art*  the  only  safeguard  of  irrigatbrs 
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on  streams  in  wbich  the  natural  flow  has  been  overappropriated.  Those 
familiar  with  irrigation  know  that  this  situation  of  afiairs  is  of  fre- 
quent occurrence  and  that  there  are  few  streams  on  which  irrigation 
has  assumed  considerable  importance  in  which  late  appropriators  do 
not  suffer  as  much  from  drought  in  July  and  August  as  do  farmers 
dependent  upon  rainfall.  In  seasons  where  the  winter  snows  have  been 
heavy  they  can  have  an  assured  supply,  but  there  are  also  years  depend- 
ent upon  rainfall  when  there  is  no  lack  of  moisture.  The  discharge  of 
rivers  in  the  arid  region  varies  more  from  year  to  year  than  the  rainfall 
does  in  the  section  of  country  where  crops  are  cultivated  wholly  through 
its  aid.  The  discharge  of  the  Laramie  Biver  in  1899  was  five  times  as 
great  as  it  was  in  1889.  An  adequate  system  of  storage  will  not  only 
protect  irrigators  from  the  variation  in  supply  from  month  to  month, 
but  will  assist  in  reducing  the  fluctuations  from  year  to  year.  It  will 
enable  the  floods  of  years  of  large  discharge  to  be  held  ba(*.k  for  use 
during  years  of  drought. 

DUTY  OP  WATER. 

No  definite  estimate  that  would  apply  generally  to  different  localities 
and  conditions  can  be  made  of  the  quantity  of  water  required  for  the 
irrigation  of  crops.  The  amount  varies  with  the  locality;  in  a  given 
locality  it  varies  in  different  seasons,  and  at  the  same  place  and  during 
the  same  season  it  varies  with  the  nature  of  the  soil,  the  method  of 
application,  the  degree  of  skill  exercised  by  the  irrigator,  and  the  kind 
of  crop  irrigated.  Grain  requires  less  water  than  alfalfa,  i)otatoes 
need  less  than  grain,  and  fruit  trees  less  than  any  of  them.  For  the 
ordinary  farm  products  of  the  temperate  regions — in  Colorado,  Wyo- 
ming, Utah,  Idaho,  and  Montana — two  or  three  irrigations  or  applica- 
tions are  usually  required  for  the  production  of  a  satisfactory  crop.  The 
amount  required  for  each  irrigation  will  vary,  within  the  States  named^ 
between  5  and  9  inches  over  the  land. 

These  figures  represent  the  results  of  the  writer^s  observations  during 
a  long  period  of  service  in  the  distribution  of  water  under  many  dif- 
ferent systems  of  irrigation.  This  takes  into  account  the  losses  due  to 
seepage  and  evaporation  from  canals  between  the  source  of  supply  and 
the  lands  served,  that  resulting  from  the  wasteful  and  unskillful  han- 
dling of  the  water  by  careless  or  inexperienced  irrigators,  and  various 
incidental  sources  of  loss  and  waste;  but  as  these  factors  of  loss  are 
generally  to  be  found  and  are  apparently  inevitable  under  most  of  the 
existing  systems  of  distribution  within  the  States  named,  they  consti- 
tute factors  which  can  not  be  ignored  in  the  proper  consideration  of 
the  duty  of  water.  That  the  service  which  water  could  be  made  to 
I)erform  under  the  most  favorable  conditions  of  land  preparation  and 
skill  in  application  would  be  much  greater  is  a  well  recognized  and  con- 
ceded fact;  and  that  improved  practice  in  the  design  and  construction 
of  irrigation  canals,  increased  intelligence  and  economy  in  the  use  of 
water,  and  more  frequent  and  thorougk  Q\i!L\xsr^^o\i  ^1  X^^  %ks^  ^^t^ 
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eventaally  produce  a  oiarked  effect  in  this  direction  are  propositions 
that  do  not  admit  of  reasonable  doubt. 

Then,  too,  the  duty  obtained  from  water  depends  very  largely  upon 
the  method  of  its  distribution.  Under  some  canals  compensation  is 
made  dependent  entirely  upon  acreage  cultivated  rather  than  quantity 
used.  Such  a  method  is  likely  to  promote  wasteful  use.  In  those  cases 
where  compensation  is  made  to  dei>end  upon  quantity  of  water  used^ 
the  quantity  is  usually  designated  by  a  unit  of  continuous  flow.  This 
method  also  tends  to  promote  waste  during  that  part  of  the  irrigation 
season  when  tho  maximum  flow  is  not  re<iuired.  Neither  of  these 
methods  will  result  in  the  fullest  possible  use  of  the  water.  In  cases 
where  a  high  duty  and  great  economy  in  the  use  of  water  is  necessary 
(especially  where  reservoir  supplies  are  involved)  the  quantity  should 
be  ex))reHsed  in  terms  of  duration  as  well  as  volume  of  flow,  as  a  cubic 
foot  i>er  second  for  twenty-four  hours.  This  kind  of  a  system  and  an 
equitable  rotiition  in  use  among  difl'erent  users  is  the  one  best  designed 
to  promote  the  fullest  [>ossible  use  of  the  water. 

This  system  of  rotation  is  now  practiced  on  many  of  the  smaller 
streams  and  ranals  in  time  of  scarcity,  and  will  doubtless  gradually 
becx)me  more  general.  The  ])riii(;iplc  is  that  of  ])eriodica)  use  of  a  cer- 
tain irrigating  stream  by  each  owner  in  turn  for  a  time  corresi>onding 
to  his  proportionate  ownership,  and  the  ])erio<ls  of  lotiition  are  so 
arranged  as  to  best  jiromote  the  cultivation  of  the  crops  upon  which 
the  water  is  used.  It  is  unfortunate  that  so  many  water  right  contracts 
have  established  the  more  wasteful  method.  The  time  has  come  on 
many  streams,  and  is  certainly  coming  on  most  of  them,  when  the  high- 
est i)ossible  duty  of  water  will  be  ne<;essiiry  to  the  fullest  development 
of  farming  o]>erations.  The  method  of  distribution  by  rotation  of  use 
is  quite  generally  pra^jticed  in  Utah,  where  a  very  high  duty,  especially 
during  the  latter  ]>art  of  the  irrigation  season,  is  obtained  under  its 
o])eration.  When  there  is  a  scarcity  of  water,  the  water  master,  instead 
of  cutting  down  the  size  of  the  stream  allowed  to  each  irrigat4>r,  limits 
the  time  during  which  the  stream  may  be  used  by  liiin,  thus  giving  him 
a  stream  large  enough  for  economical  irrigation  for  a  length  of  time 
proportionate  to  liis  owniM'ship  of  water  or  acTcage  to  be  watered.  The 
length  of  time  allowed  each  irrigator  will,  of  course,  decrease  with  the 
decreasing  available  supply  from  the  stream,  and  the  periods  of  rota- 
tion are  arranged  so  as  to  give  each  user  a  fair  proportion  of  night  and 
day  use. 

This  metluKl  is  a  very  benefirial  modification  of  the  rigid  doctrine  of 
priority  of  right.  Under  it  people  are  (Mu'.ouraged  to  irrigate  liberally 
when  there  is  a  ])lentiful  supply  in  the  stream,  and  to  exercise  t}ie 
greatest  possible  economy  and  skill  in  their  operations  when  there  is  a 
scarcity.  In  Utah,  where  this  C/Ommendable  system  is  so  generally 
employed,  the  doctrine  of  priority  of  right  is  inoiiiluMl  by  the  division 
of  rights  into  two  classes,  primary  and  secondary.    The  former  class 
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includes  all  of  the  older  rights  on  the  stream  to  the  extent  of  the  nsual 
low-water  flow,  and  in  times  of  scarcity  all  who  hold  such  rights  suffer 
equally,  which  is  certainly  more  equitable  than  to  allow  a  few  of  the 
earliest  appropriators  to  control  all  of  the  flow  at  such  times,  to  the 
ruin  of  the  others.  The  necessity  for  careful  measurements  of  the  flow 
of  streams  through  a  series  of  years  before  the  division  of  appropriators 
into  (lasses  can  be  made  is  of  course  apparent,  and  the  lack  of  such 
reliable  information  may  lead  to  errors  of  classification,  but  the  plan 
has  certainly  many  elements  of  justice  not  found  in  the  rigid  adherence 
to  the  doctrine  of  priority,  and  under  its  operation  a  greater  beneficial 
use  of  the  available  water  supply  will  result.  To  secure  this  tallest  use 
of  the  water  supply  not  only  necessitates  proper  laws,  but  a  careful  and 
efficient  system  of  administration  and  control  of  water  distribution. 

HOW  WATEE  EIGHTS  AEE  ACaUIEED  AHD  MAINTAINED.' 

THB  DOCTRUm  OF  PRIORIT7'. 

The  best  lands,  the  best  markets,  and  the  most  genial  climate  are 
generally  found  in  the  valleys,  rather  than  at  the  headwaters  of  rivers. 
The  first  settlements  are  usually  made  on  these  valley  lands.  The 
first  settler  on  a  stream  does  not  concern  himself  greatly  about  his 
right  to  its  waters.  He  takes  all  he  needs,  or  all  there  is,  and  in 
either  case  is  neither  helped  nor  hindered  by  wise  or  unjust  laws  gov- 
erning its  ownership.  But  the  first  settler  is  followed  by  the  second, 
and  as  ditches  multiply  and  the  reclaimed  area  broadens  there  finally 
comes  a  time  when  there  are  more  ditches  than  the  stream  will  supply. 

We  have  already  seen  that  the  streams  of  the  arid  region  are  small 
in  most  cases,  carrying  throughout  most  of  the  year  a  volume  of  water 
that  is  comparatively  insignificant  and  often  insufficient  for  the  demand ; 
and  when  the  vast  area  is  contemplated  over  which  the  condition  of 
aridity  prevails,  and  it  is  considered  that  scarcely  any  of  it  has  any 
agricultural  value  without  irrigation,  and  that  the  insignificant  streams 
here  found  constitute  the  only  source  of  supply,  it  requires  no  elabo- 
rate argument  to  prove  that  much  the  greater  portion  of  this  area  can 
never  be  successfully  or  profitably  cultivated — that  most  of  it  can  in 
fact  never  be  farmed  at  all.  If  the  available  water  were  equally  dis- 
tributed over  all  the  lands  of  this  vast  territory,  the  amount  would 
prove  so  slight  as  not  to  appreciably  affect  its  aridity,  and  the  whole 
would  be  wasted  without  producing  any  beneficial  effect.  In  order, 
therefore,  that  the  greatest  good  may  be  accomplished,  its  use  must  be 
restricted  to  such  an  area  as  it  can  reclaim  in  the  best  and  most  satis- 
factory manner.  In  practice  this  result  can  not,  for  many  reasons,  be 
perfectly  attained,  but  it  may,  within  reasonable  limits,  be  approxi- 
mated.   If  the  streams  of  the  arid  region  carried  at  all  times  sufficient 

^  See  also  Appendix,  p.  58. 
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water  for  the  requirements  of  all  the  lands  susceptible  of  irrigation 
from  thorn,  there  would  be  no  question  raised  coucerniDg  the  right  of 
priority  to  its  use.  All  users  wouhl  then  be  at  liberty  to  divert  and 
use  as  much  as  they  desire<l,  and  one  of  the  most  fruitful  sources  of 
perplexity  and  controversy  would  be  eliminated  from  the  irrigation 
probh^.m.  Hut  the  ])re[M)nderance  of  laud  within  the  arid  region  over 
the  wat(M'  available  for  its  irrigation  has  naturally  resulted  in  the 
attempt  to  reclaim  many  times  the  area  which  the  meager  streams  can 
acc<mim(Mhito,  resulting  in  conflicts  of  interest.  Without  some  sort  of 
general  rej>:uhition  and  control  the  dit<;hes  farthest  up  the  stream 
would  take  what  they  need,  those  lower  down  would  take  what  was 
left,  aiul  on  many  streams  the  land  first  settled  would  have  to  go  with- 
out water,  and  homes  already  established  would  be  destroyed  U)  create 
less  desirable  ones.     Position  would  count  for  everything. 

There  are  many  reasons  why  such  a  condition  of  ai!airs  has  not  been 
I)ermitted  in  irrigated  districts.  As  land  is  valuable  only  when  it  has 
an  assuHMl  su])ply  of  water,  respec^t  for  vested  rights  has  led  to  the 
enactment  of  laws  for  the  protection  of  the  rights  of  those  who  first 
made  use  of  the  water.  These  laws  are  based  u|K)n  the  principle  of 
priority  of  right,  whi<'h  <le(rrees  that  of  the  various  users  and  claimants 
of  water  those  have  the  prior  and  best  right  who  have  first  diverted 
and  appropriated  it  to  a  beneficial  use,  ami  that  rights  descend  toother 
claimants  in  the  order  of  the  dates  of  their  respective  appropriations. 
Without  s<»me  such  adjudiration  of  these  questions  it  is  evident  that 
agricultural  deveh)pment  ctmld  not  procee<l:  property  rights  in  irri- 
gated lands  and  reclamation  works  would  not  be  se<*ure,  aud  the  latter 
wouhl  therefore  not  be  created.  It  would  not  he  safe  to  invest  labor 
and  capital  in  the  development  and  improvement  of  lands  if  the  water 
rights  ui)on  which  their  value  depen<ls  were  not  guarantee<l  the  neces- 
sary ])rotectiou. 

The  principle  of  ])rior  appropriation  api>ears  to  furnish  the  most  sat- 
isfa<*tory  solution  of  the  problems  arising  through  xhv  inad<*(|UiU'y  of  the 
water  supply,  and  it  is  the  one  universally  accepted  and  applied. 
Under  the  regulations  bas<»d  th«Teon  no  advanta;;e  is  gained  through 
l>osition  ui)on  a  uniformly-fiowing  stream,  nor  dtx's  the  ma;:nitude  or 
relative  imiK)rtanee  of  the  improvements  atl'ect  the  right.  A  consumer 
near  the  headwaters  of  such  a  stream  must  yield  to  thi*  pri<»r  appropri- 
ator  who  diverts  his  water  at  a  |M)int  a  hundred  miles  heh»w.  The  ik>w- 
erful  (^r|>oration  which  has  silent  millions  in  th«'  construction  of  it^ 
works  must  close  its  headgates  and  iHTuiit  the  precious  tluid  to  pass  on 
to  the  humble  individual  who  constructed  his  ditch  first,  and  thereby 
ac()uire4l  the  prior  right  to  its  use.  Few  .streams,  hf^wover,  have  any- 
thing like  a  uniform  flow  through  their  entire  course.  St^epage  water 
from  irrigate«l  lands  above,  as  well  us  aurfa«*e  and  subterranean  fiows, 
are  often  of  great  importaiMM  »»  the  longer  streams  aud  of  material 
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benefit  to  the  lower  appropriators.  Streams  can  not,  therefore,  be  gen- 
erally considered  as  channels  of  uniform  flow  where  each  appropriation 
is  valuable  according  to  its  priority  number;  but  conditions  are  often 
much  complicated  by  losses  and  gains  in  dififerent  portions  of  their 
course,  and  the  determination  of  priorities  and  the  fair  and  just  distri- 
bution of  the  water  under  them  is  consequently  often  rendered  difficult 
and  perplexing. 

Priority  rights  to  the  use  of  water,  however,  are  most  important  and 
far-reaching  in  their  connection  with  agriculture  in  the  arid  region  and 
merit  the  closest  investigation,  not  merely  on  the  part  of  the  capitalist 
who  contemplates  the  investment  of  his  millions  in  works  of  reclamation, 
but  by  the  individual  settler  and  farmer  who  proposes  to  locate  in  this 
region  and  devote  his  energies  to  farming  under  the  practice  of  irriga- 
tion. 

In  order  that  prior  rights  may  receive  the  respect  and  protection  to 
which  they  are  entitled,  and  for  the  pnri)Ose  of  furnishing  informa- 
tion concerning  the  unappropriated  water  supply  of  the  diflerent  streams 
for  the  benefit  of  those  who  may  contemplate  availing  themselves  of  its 
use,  it  is  necessary  that  the  facts  concerning  the  water  supply  of  all 
streams,  and  the  effective  appropriations  therefrom,  be  made  matters 
of  public  record,  readily  accessible  to  the  general  public  and  to  those 
who  may  be  interested  in  this  question.  It  is  the  absence  of  such  a 
record  that  has  led  to  many  of  the  abuses  and  evils  from  which  irriga- 
tors suffer  at  the  present  time.  For  this  the  early  settlers  are  probably 
more  responsible  than  anyone  else.  The  old  settler,  as  a  rule,  has  resisted 
legislation  for  the  definite  enforcement  of  rights.  He  has  done  this  for 
two  reasons.  As  a  rule,  he  claime<l  more  water  than  he  used  or  needed, 
and  he  feared  that  any  adequate  control  wouhl  deny  him  the  title  to  all 
he  claimed.  The  next  reason  was  his  antagonism  and  jealousy  of  the 
larger  and  later  ditch  companies.  The  second  obstacle  to  proper  laws 
for  the  recording  or  enforcement  of  rights  is  the  opposition  of  the 
later  appropriators.  The  corporation  ditch  owners  are  not,  as  a  rule, 
users  of  water.  They  build  canals  to  sell  water.  When  their  work 
began  there  was  a  chaotic  condition  of  law  and  of  public  sentiment 
regarding  what  constitutes  an  appropriation.  It  seemed  to  be  in  the 
interest  of  the  larger  companies  to  claim  that  the  size  of  the  canal  deter- 
mined the  amount  of  the  right,  no  matter  whether  the  water  was  used 
or  not.  In  many  cases  not  even  the  size  of  the  canal  has  been  the 
standard,  but  the  flexible  and  expansive  ^Mntenfof  its  owner.  The 
fact  that  the  large  corporation,  the  small  individual  ditch,  and  the 
farmers  who  use  water  from  both  are  all  claimants  for  a  common  supply, 
having  interests  that  are  more  or  less  antagonistic,  has  led  in  every 
State  to  more  or  less  indefinite  declarations,  and  in  some  of  the  States 
prevented  any  legislation  whatever, 
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METHOD  OF  APPROPRIATION. 

The  laws  of  most  States  require  that  any  individual,  association,  or 
corx>onitioii  desiring  to  appropriate  any  of  the  public  water  of  the  State 
must  tile  for  record  with  some  public  officer  (generally  the  county 
recorder  of  the  county  in  which  the  diversion  is  proposed  to  be  made)  a 
statement  setting  forth  the  quantity  of  water  claimed  and  more  or  less 
definite  information  in  regard  to  the  location  and  character  of  the  pro- 
posed use.  W  witliin  a  reasonable  i>eriod,  the  limits  of  which  are  usu- 
ally fixed  by  law,  the  actual  diversion  has  been  accom])lished  and  the 
water  applied  to  a  beneficial  use,  the  claim  becomes  definite  and  eflect- 
ive  and  the  steps  taken  to  acquire  the  water  right  becomes  a  matter  of 
record,  which  is  designed  t-o  furnish  s])ecific  information  as  to  the  volume 
so  appropriated  and  date  of  its  appropriation. 

As  a  matter  of  fiict,  however,  many  such  recorde<l  (claims  are  purely 
speculative  and  have  never  been  perfe(;ted  at  all.  Few  have  been 
p(*rfected  for  more  than  a  small  pro]>ortion  of  the  quantity  claimed  in 
the  record.  So  an  examination  of  the  reconled  claims  to  the  waters  of 
any  stream  really  gives  very  little  actual  information  in  regard  to 
approprir.tions  from  it.  With  the  exception  of  Wyoming  and  Nebraska, 
the  State  exercises  no  control  over  the  perfecting  of  an  appropriation, 
ami  the  determination  of  the  ]>ri()nty  and  volume  of  an  appropriation 
can  be  had  only  by  a  suit  at  law  resulting  in  a  court  decree  establish- 
ing them.  Such  suits  generally  result  wlu^n  tlie  water  of  a  stream  is 
insntlicient  to  satisfy  the  demands  of  those  who  claim  rights  to  its  use. 
These  court  decrees  are  based  upon  the  testimony  of  th<^  interested 
parties  as  to  the  (pnintity  of  their  appropriations,  and  have  often  been 
rendered  under  a  misapprehension  of  the  facts  ami  in  ignorance  of  the 
actual  conditions.  Many  of  the  earlier  decrees  were  rendered  before 
the  very  great  importance  of  the  (piestions  involv<Ml  was  realized.  The 
results  have  not  generally  been  satisfactory,  and  have  usually  be«n  the 
giving  of  excessive  (piantities  of  water  to  the  various  claimants,  result- 
ing on  many  streams  in  a  few  of  the  earlier  priorities  controlling  all  of 
the  low-water  fiow.  That  a  strict  State  supervision,  and  examination 
of  ditches  and  areti  irrigate<I  is  necessary  to  a  Just  determination  of 
lights  and  a  proper  protection  of  public  interests  in  the  water,  is  now 
apparent  to  all  students  of  the  subject.  Kxisting  metho<ls  are  leading 
to  much  litigation  on  the  overappropriated  stteain.^,  efVorts  l>eing  made 
in  some  cases  to  overturn  existing  decrees.  The  conditions  may  be  best 
shown  by  a  few  brief  (|m/tations.  lion.  V.  A.  Klliott,  formerly  a  district 
judge  in  Colorado,  in  a  brief  in  the  supreme  court  of  that  State,  says: 

In  tho  earlier  .'idjudieation  of  prioritieH,  there  wuh  little  or  iid  contention  between 
rival  claimants.  People  tteemed  to  think  all  they  ncMMh'tl  to  do  whh  to  ''prove  up" 
their  appropriationn  and  ^et  decrees  tor  as  lar^o  quantities  of  water  hh  poHsihlei 
*  **  *  notwithstanding  the  fact  that  the  amount  of  the  a)))»ropriations  decreed 
from  some  of  our  natural  Htreams  was  four  tinier  aH  niiirh  aH  the  ordinary  flow  of 
the  water  in  such  streams. 
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In  another  case  in  the  same  court  he  says : 

Excess  priority  decrees  are  a  crying  evil  in  this  State.  From  every  qoarter  the 
demand  for  their  correction  is  strong  and  lond.  •  •  •  Their  continaance  is  such 
a  hardship  that  litigated  cases  will  be  continually  pressed  upon  the  attention  of  the 
courts  until  such  controversies  are  heard  and  settled,  and  aeitled  right 

The  State  engineer  of  Idaho,  in  his  biennial  report  for  1895-96,  states: 

The  tendency  toward  excessive  decrees  has  certainly  retarded  settlement  and  cul- 
tivation in  some  cases  on  account  of  the  waters  of  the  stream  not  being  so  decreed 
and  distributed  as  to  serve  the  greatest  possible  area  of  land. 

Similar  conditions  exist  in  the  other  States  where  the  determination 
of  these  important  questions  are  left  to  the  ordinary  process  of  the 
courts,  ulmost  endless  litigation  and  enormous  expense  to  the  litigants 
resulting.  Sometimes,  too,  the  decrees  are  indefinite,  the  method  of 
measurement  prescribed  by  the  courts  being  often  incorrect  or  uncer- 
tain, still  further  complicating  the  decrees. 

On  the  other  hand.  Id  those  States  (Wyoming  and  Nebraska)  which 
have  a  board  of  control  for  the  settleii\ent  of  these  questions,  there  has 
not  only  been  very  little  litigation,  but  the  adjudication  of  rights  has 
been  comparatively  inexpensive,  as  well  as  fair  and  equitable,  as  shown 
by  the  very  few  appeals  from  the  decisions  of  the  board.  This  is  shown 
by  the  following  quotation  from  the  latest  report  of  the  secretary  of  the 
Wyoming  board  of  control : 

lu  other  States  irrigation  matters  have  proved  a  fruitful  and  vexatious  source  of 
litigation.  Not  so  in  our  State.  Whenever  tested  the  courts  have  upheld  the  actions 
and  decisions  of  the  board  of  control.  It  is  a  source  of  great  satisfaction  to  the 
members  of  the  board  that  the  irrigation  litigation  that  other  Western  States  are 
burdened  with  does  not  exist  in  Wyoming. 

In  this  State  the  water  is  decreed  to  certain  described  land,  and  is 
by  law  forever  inseparable  from  it.  Speculation  in  water  rights  apart 
from  the  land  is  therefore  prevented. 

HOW  RIGHTS  ARE  ENFORCED. 

These  court  decrees,  or  (in  Wyoming  and  Nebraska)  the  orders  of 
the  boards  of  control,  as  to  priority  of  the  various  water  rights  and 
the  volume  of  water  of  a  stream  furnish  the  basis  for  a  distribution  of 
the  water  in  times  of  scarcity.  The  enforcement  of  these  rights  of 
priority  and  the  distribution  of  water  under  them  is  accomplished  by 
water  commissioners  or  water  masters.  In  some  States,  as  Colorado 
and  Wyoming,  these  commissioners  are  appointed  by  the  governor 
and  are  under  the  general  direction  of  the  State  engineer.  In  others, 
as  Idaho  and  Montana,  they  are  appointed  by  the  judge  of  the  court 
rendering  the  decree,  and  are  responsible  for  the  proper  performance 
of  their  duty  to  no  other  authority. 

That  this  supervision  of  the  distribution  of  the  water  may  be  effect- 
ive in  detail,  it  becomes  necessary  to  police  and  patrol  the  streams 
from  which  it  is  diverted.    To  this  end  it  is  the  duty  of  the  water  com- 
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to  the  work  of  closing  gates,  he  has,  with  each  rise,  to  see  that  the 
gates  of  those  thns  becoming  again  entitled  to  water  are  raised,  which 
is  a  matter  of  quite  as  much  importance  as  that  of  closing  those  of  the 
appropriators  who  have  not  the  right  to  its  nse.  In  the  time  of  scarcity 
he  has  in  the  discharge  of  his  duties  not  only  the  right  to  close  the 
head  gates  of  those  not  entitled  to  water  at  the  time,  but  the  authority 
to  lock  them  down.  When  this  authority  is  exercised  he  usually  posts 
a  written  notice  upon  the  gates  so  closed,  which  gives  notice  that  the 
same  are  under  the  control  of  the  water  commissioner  and  must  not, 
under  the  penalty  of  the  law,  be^ropened  or  interfered  with  except  by 
his  authority.  Such  interference  constitutes  a  misdemeanor  for  which, 
upon  conviction,  the  offender  may  be  punished  by  fine  or  imprison- 
ment, or  both. 

Many  irrigation  enterprises  have  several  priorities  to  the  use  of 
water,  bearing  different  numbers  and  becoming  effective  under  separate 
dates.  This  results  through  enlargement  of  the  works  subsequent  to 
the  date  of  original  construction.  When  a  canal  or  other  irrigation 
enterprise  is  constructed,  it  receives  a  priority  right  bearing  a  giveii 
number  and  recorded  under  a  date  which  is  usually  coincident  with 
the  beginning  of  construction  of  the  works.  If,  upon  any  date  subse- 
quent thereto,  the  owners  or  operators  of  this  enterprise  enlarge  the 
works  so  as  to  divert  and  use  a  larger  volume  of  water  it  becomes  nec- 
essary, in  order  to  secure  protection  in  the  use  of  the  additional  right 
thus  claimed,  that  a  decree  of  the  court  be  obtained  establishing  the 
priority  right  pertaining  tovthe  additional  supply  thus  provided  for. 
This  priority  will  take  its  proper  consecutive  rank  with  relation  to  other 
prior  appropriations,  will  be  recorded  under  its  appropriate  number, 
and  will  bear  a  date  registering  the  time  when  it  became  effective. 
This  date  will  be,  if  the  work  of  enlargenr^nt  has  been  prosecuted  with 
reasonable  diligence  and  application  ha^  been  made  of  the  water  to  a 
beneficial  use,  coincident  with  the  date  upon  which  the  work  of  enlarge- 
ment was  begun.  If  between  the  date  of  original  construction  and 
that  of  the  enlargement  no  other  appropriations  have  been  made  from 
this  stream,  the  priority  numbers  of  these  two  decrees  will  be  consecu- 
tive, and  the  two  priorities  may  be  treated  practically  as  one,  though 
bearing  different  dates  and  numbers.  When,  however,  between  these 
dates  of  original  construction  and  subsequent  enlargement  other  appv^o- 
priatious  intervened,  these  take  precedence  over  that  for  the  enlarge- 
ment of  the  work  under  consideration,  and,  while  junior  and  inferior 
to  the  original  appropriation,  are  senior  and  superior  to  that  secured  by 
virtue  of  the  enlargement.  This  enterprise  will  then  have  two  separate 
priorities,  bearing  different  numbers  and  dates,  and  having  different 
degrees  of  effectiveness.  As  a  result  of  this,  at  times  when  the  water 
supply  is  deficient,  one  (the  earlier)  of  its  priorities  may  be  effective, 
while  that  due  to  the  enlargement  is  not  recognized. 

Some  canals  have  several  of  these  successive  priorities  with  other 
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rights  iuterveuing.  It  thus  becomes  uecesaary  tliat  the  water 
Biocer  know  not  ouly  tbe  full  carrying  cajiacity  of  eacli  condatt  divert- 
ing water  from  tbe  streams  witliiu  his  division,  Imt  that  he  also  koow 
the  amount  beiug  carried  at  any  given  deptti  of  water.  The  canals  are 
usually  ratfid  or  gauged  l)y  the  State  engineer's  office,  and  the  wat«r 
oommissioner  is  given  a  table  of  these  ratings.  For  convenience  in 
gauging  each  canal  company  is  required  to  have  placed  in  itt)  canal,  at 
or  near  its  upper  end,  a  flume  or  rating  weir  which  is  used  by  the  State 
engineer  iu  such  gaugings,  and  his  rating;*  or  tables  of  discharge  for 
given  (iepths  are  batied  upon  measurements  made  iu  this  structure. 
By  meaud  of  these  tables  the  water  commissioner  can,  by  observiug  the 
depth  of  water  within  this  structure,  determine  the  amount  passiug  at 
the  time,  and  is  thus  enabled  in  times  of  scarcity  to  aiciirately  shut  off 
one  or  more  of  the  junior  appropriations  without  interfering  with  those 
of  earlier  dates  which  may  be  still  effective. 

N£iC£SSITT    FOR    DEFINITE    I.A\7a. 

While  the  doctrine  of  priority  of  right  in  necessary  to  prute<',t  tbe 
appropriators  and  to  make  possible  a  system  of  distribution,  the  fullest 
beneHcial  use  of  the  public  waters,  as  well  as  the  interests  of  the  lat«r 
appropriators,  demands  that  such  rights,  on  overappropriated  streams, 
be  subject  to  reasonable  aud  careful  restriction  and  public  control  to 
prevent  an  unnecessary  use  or  waste  of  the  water.  A  record  of  the  flow 
of  tlie  different  streams  is  very  im|Kirtant  in  this  connection,  and  one  of 
the  duties  of  the  State  engineer's  office  is  to  make  and  record  the  results 
of  periodical  or  daily  gaugings  of  the  differeu  t  streams  of  the  State  fi'uui 
whichwaterisdiverted  for  agricultural  or  other  uses,  the  object  of  these 
measurements  being  the  determination  of  the  volume  of  their  discharge 
at  various  depths,  the  amount  generally  available  for  use  during  the 
difiereut  months,  and  the  total  run-off  for  each  year.  Kecords  of  the 
results  of  these  operations  are  preserved  for  future  reference  and  fur- 
nish most  valuable  information  concerning  the  water  supply,  of  great 
service  to  those  investigating  the  merits  of  irrigation  enterprises  already 
created,  propositions  under  contemplation,  construction  of  storage 
works,  etc. 

The  laws  and  customs  regarding  appropriation  and  distribution  of 
water  are  generally  iu  an  unsettled  condition,  and  differ  materially 
in  diflerent  States.  In  some  States,  as  Utah,  water  is  clearly  reciog- 
uiKed  by  law  as  being  ])er8onal  property,  subject  to  transfer  and  sale 
separate  and  apart  from  the  laud  it  irrigates.  In  others,  as  Wyomiug, 
the  directly  opi>OBite  doctrine  is  laid  down,  land  aud  the  water  used  for 
its  irrigation  being  inseparable.  In  still  others,  as  Colorado,  the  ques- 
tion is  not  definitely  settled  by  statute  and  the  decisions  of  the  courts 
have  not  been  uniform,  the  later  decisions  seeming  to  treat  water 
appropriated  for  irrigation  as  personal  property.  This  itnportnnt  ques- 
tion ought  to  be  definitely  settled,  aud  alter  that  is  determined  it  ought 
to  be  established  so  that  everybody  coiihl  know  exactly  how  an  appro- 
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priation  is  acquired  ^nd  when  it  is  completed.  Every  man  who  owns 
an  irrigated  farm  or  every  settler  who  wishes  to  own  one  ought  to  be 
able  to  ascertain  exactly  what  the  water  rights  of  a  particular  tract  of 
land  are.  Where  the  ownership  of  the  land,  the  ditch,  and  the  appro- 
priation are  all  centered  in  one  individual,  this  is  not  of  much  impor- 
tance, but  when  it  is  possible  for  one  party  to  own  the  appropriation, 
another  the  canal,  and  still  another  the  land,  as  it  unquestionably  now 
is  in  a  number  of  the  arid  States,  the  uncertainties  of  the  situation  and 
the  possibility  for  litigation  are  so  great  as  to  make  those  who  expect 
to  be  fanners  and  nothing  else  hesitate  to  take  their  chances  under 
them. 

CONTRACTS  BETWEEN  CORPORATIONS  AND  IRRIGATORS. 

We  have  explained  (p.  18)  the  four  general  plans  by  which  individuals, 
com  in  unities,  corporations,  or  districts  organize  and  operate  to  provide 
a  water  supply  for  irrigation.  In  three  of  these  the  individual  irriga- 
tor has  an  interest  of  ownership  in  the  water  right  and  in  the  system  . 
of  works  for  its  distribution.  Cinder  the  corporation  plan,  however, 
the  water  user  has,  as  a  rule,  neither  an  ownership  in  the  works  nor  in 
the  appropriation  of  water.  Where  the  irrigator  is  also  the  owner  of 
the  ditch  by  means  of  which  the  water  is  diverted  from  a  public  stream, 
the  restrictions  on  his  right  to  water  are  simply  those  imposed  by  the 
priority  of  his  appropriation  and  the  provisions  of  the  State  law  for  its 
enforcement.  But  under  the  corporation  canal  he  is  subject  to  the 
limitations  of  his  contract  and  the  regulations  of  that  canal  in  addition 
to  the  limitations  imposed  by  the  irrigation  laws.  In  the  present 
chaotic  state  of  legislation  and  of  public  sentiment  it  is  difficult  to 
make  a  positive  statement  in  any  State  regarding  the  exact  limitations 
of  an  appropriatioi),  or  to  definitely  describe  and  define  the  nature  of 
the  irrigator's  rights  under  a  water  right  contract  with  a  canal 
company. 

In  the  first  place,  outside  of  Wyoming  and  Nebraska  the  appropria- 
tions so  far  as  made  go  to  the  ditch  companies,  not  to  the  land  re- 
claimed nor  to  the  owner  of  the  land  irrigated  by  them,  and  each  ditch 
company,  subject  to  State  laws,  fixes  the  conditions  under  which  the 
water  so  appropriated  shall  be  disposed  of.  The  rights  of  the  indi- 
vidual settler  or  the  rights  of  a  particiilar  tract  of  land  are  not,  there- 
fore, determined  by  the  State  irrigation  laws,  but  by  a  corporation 
acting  under  those  laws.  In  many  cases  the  contracts  of  these  corpo- 
rations place  restrictions  on  the  use  of  water  which  they  deny  govern 
its  appropriation.  Some  of  these  restrictions  are  wise  and  show  a  bet- 
ter appreciation  of  what  the  laws  governing  an  appropriation  should  be 
than  have  either  the  courts  or  lawmakers  in  their  efforts  to  define  it. 
In  other  cases  the  conditions  of  these  contracts  are  wholly  one-sided, 
unfair  to  the  irrigator,  and  a  menace  to  agriculture.  Their  reform  is 
necessary  to  either  the  stability  of  the  irrigated  farm  or  the  peace  and 
content  of  the  user  of  water. 


Knma  or  conthacts. 

When  the  cor])oratioii  ir  tlie  agency  ttiroagfa  which  the  water  a 
diverted  and  conveyed  to  tlio  land,  it  becomes  necessary  that  the  vaiei 
user  enter  into  a  contract  with  the  latter  which  defines  the  obligation 
and  liabilities  asntiuied  by  both  parties  thereto.  Of  these  cootracti 
there  are  two  generic  tbrins  that  are  radically  dill'erent  and  applicable 
to  two  distinct  plans  of  procedure,  designated  resiwetively  as  the  "pM- 
petii!il"and  the  "annual"  ])lans.  Under  the  furnter  the  cor]K>ratioD 
agr^'B  that  upon  the  payment  by  the  water  user  of  a  stipulated  amonnt 
of  money  it  will  divert  and  deliver  to  a  certain  iwint  a  specified  vol- 
ume of  water  tor  the  irrigation  of  certain  lauds,  which  service  will  be 
repeated  in  perpetuity  throughont  each  irrigation  seasoti.  These  eon- 
tracts  fre<iu6nt1y  take  the  form  of  a  deed  for  a  perpetual  right  to  water. 
The  secoud  plan  is  generally  termetl  the  rental  system,  as  the  eurpont- 
tion  agrees  to  deliver  and  the  settler  to  take  and  pay  for  water  only 
during  the  irrigation  season  under  cousideration. 

In  the  contract  nuder  the  latter  plan  no  provision  is  nmdc  for  the 
delivery  of  water  beyond  the  limit  of  the  specific  year  and  season  for 
wliich  it  was  made,  and  though  tlie  eonsniuer  will  probably,  and  usually 
does,  use  the  watei-  evei-y  year,  be  must  annually  renew  his  lease  or 
enter  iuta  a  new  and  distinct  contract  at  the  beginning  of  ea<-h  irriga- 
tion season  for  the  water  which  he  intends  to  use.  The  principal  obli- 
gation asHDuied  by  the  water  user  nnder  this  form  of  agreement  is  the 
payment  to  the  irrigation  company  of  its  charge  or  rental  price  for  its 
delivery.  In  return  tor  this  annual  payment  the  corporation  agrees  to 
deliver  the  specitied  amount  of  water  coutiuuoasly  through  tlie  irriga- 
tion season  under  consideration,  or  throughout  that  part  of  the  season 
wheu  a  supply  in  excess  of  that  requireil  lor  the  necessities  of  jirior 
appropriators  is  found  in  the  stream  liom  which  the  diversion  is  luade. 
For  the  result  of  a  shortage  in  the  stream  the  company  assumes  no  lia- 
bility, the  individual  consumer  of  water  being  expected  to  satisfy  him- 
self as  to  the  sufficiency  of  its  priority  right  before  locating  under  the 
system,  and  being  compelled  to  submit  to  the  consequences  of  his  fail- 
ure to  do  so  when  it  may  have  developed  later  that  the  supply  is  unsat- 
isfactory. The  company  agrees,  however,  and  undei-  the  terms  of  its 
contract  is  rei|uired,  to  maintain  its  conduits  in  good  order  and  repair, 
and  to  be  at  all  times  prepared  to  deliver  water  whenever  the  supply  is 
available. 

Where  the  "perpetual  water  right"  plan  is  followed  a  contract  is 
issued  in  which  there  is  no  lime  limit  to  the  obligation.^  and  liabilities 
assumed.  It  is  contemplated  that  the  water  will  be  required  and  used 
every  year  and  for  all  time.  It  provides  that  the  irrigation  company 
or  its  successors  will  maintain  its  conduits  and  other  works  in  good 
order  and  repair  for  the  carriage  and  delivery  of  water  during  each  and 
every  irrigation  season,  and  that  it  will  at  all  times  be  prepared  to  and 
will  deliver  to  the  lands  specified  in  the  contract  the  i|uantity  therein 
stated,  except  when,  through   scarcity  of  the  supply,  the  water  is 
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re^inired  and  taken  by  prior  appropriators  who  have  a  8a]ierior  right 
to  its  use,  or  wlien  unforeseen  and  unavoidable  aci^idents,  re.sulting  in 
iDJiiry  to  or  destruction  of  parts  of  its  works,  make  the  iierforrnance  of 
tbi»  service  tem)>orarily  impossible.  It  ia  providod,  however,  that  when 
unavoidable  accidents  of  this  natare  occur  the  company  must  exercise 
eveiy  reasonable  diligrence  in  their  repair  in  order  that  the  delivery  of 
water  may  be  resumed  with  the  least  possible  delay. 

UNIT  OF  MSASnREMUNT. 

Some  irrigation  companies  sell  the  right  to  thp  use  of  water  by  the 
culiic  foot  per  second,  or  "second-foot;"  others  supply  it  by  a  unit  dea- 
iguated  as  the  "inch;"  a  few  determine  the  quantity  by  a  certain  depth 
over  the  area  irrigated,  while  the  contracts  of  many  companies  guaran- 
tee the  delivery  of  sntlicient  water  to  properly  irrigate  the  described 
land,  not  exceeding  a  certain  quantity  per  acie. 

A  cubic  foot  of  water  per  second  (second- foot)  may  be  defined  as  the 
amount  which  would  be  delivered  by  a  rectangular  trough  I  foot  wide 
and  1  foot  deep,  running  level  full,  the  wiiter  moving  at  a  uniform  veloc- 
ity of  1  foot  per  second  of  time.  Or,  again,  it  is  the  quantity  which,  if 
Howing  continuously  and  uniformly  from  a  spout,  would  fill  a  cubical 
vesi^el  1  foot  wide,  1  foot  deep,  and  1  foot  long  (7 J  gallons)  iu  exactly 
one  second. 

The  "  inch"  has  a  widely  difi'erent  meaning  in  diH'erent  localities,  and 
is  not,  like  the  "second-foot,"  a  detiuite  (|uantity.  It  is  measured 
through  a  sqnare  or  rectangular  opening,  with  the  water  in  the  source 
of  supply  starnling  a  certain  numlier  of  inches  above  the  top  of  sneh 
opening.  The  number  of  indies  being  discharged  is  equivalent  to  tlie 
number  of  square  inches  in  the  area  of  the  opening,  the  variation  in 
different  localities  being  due  to  the  varying  regulations  governing  the 
form  and  size  of  the  o{>ening,  and  the  height  or  "head"  of  the  standing 
water  above  it.  That  employed  generally  iu  the  agrh-ultural  regions 
of  Idaho  and  California  {4-inch  "head")  is  equivalent  to  onc-flftieth  of 
a  cubic  foot  per  second.  In  Montana  40  statute  niches  are  declared 
by  law  to  equal  I  cubic  foot  per  second.  In  Colorado  also,  the  inch  is 
defined  by  statute  and  is  called  the  statutory  inch,  of  which  38.4  are 
equivalent  to  1  cubic  foot  per  second, 

IiIMITATIONS  OP  CONTRACTS. 

The  consumer  is  limited  to  the  use  of  »  specified  maximum  volume  of 
water,  more  than  which  the  corporation  is  not  under  any  circumstances 
required  to  deliver;  which  quantity,  however,  maybe  and  on  many 
streams  frequently  is  materially  reduced  during  the  low-water  period, 
except  under  those  systems  having  the  best  and  oldest  priorities, 
whose  patrons  may  enjoy  the  benefits  of  a  full  supply  continuously 
throughout  the  irrigation  season.  These  contracts  usually  stipulate 
that  when,  because  of  shortage  in  the  stream,  the  supply  is  less  than 
that  called  for  by  the  outstanding  contracts,  the  water  available  must 


54 

be  prorated  among  the  different  contra<'t  holders  in  the  proportion 
that  each  claim  bears  to  the  aggregate  amount  called  for  by  all  the 
contracts.  For  example,  if  a  given  irrigation  canal  has  oatstaiiding 
contract  obligations  calling  for  the  delivery  of  100  cabio  feet  of  water 
per  second,  and  the  volume  flowing  in  the  stream  from  which  the  diver- 
sion is  made  is  such  that  after  the  rights  of  prior  appropriators  have 
been  honored  only  50  feet  remain  available  to  the  canal  in  questiony 
each  of  the  contract  hohlers  is  given  just  half  the  maximum  quantity 
of  water  for  which  his  contract  calls.  In  such  cases  no  reduction  is 
made  in  the  amounts  payable  to  the  irrigation  company,  the  latter 
assuming  the  position  that  its  obligations  have  been  carried  out  and 
performed  when  it  has  maintained  its  works  in  good  order  and  condi- 
tion, has  been  prepared  at  all  times  to  convey  watcT  in  the  quantities 
contracted  for,  and  has  so  conveyed  it  at  all  times  when  water,  unap- 
propriated by  consumers  having  ])rior  rights  to  its  use,  was  available 
in  the  stream. 

There  is  sometimes  a  provision  in  these  contracts,  under  which  the 
corporation  agrees  that  when  a  specilie<l  ])ercentiige  of  the  carrying 
capacity  of  the  canal  or  other  conduit  has  been  disi)()sed  of  throngh 
the  sale  of  water  rights,  the  enterprise  will  l)e  reorganized,  the  paid-up 
water-right  contra<*ts  outstanding  will  be  tiiken  u]),  and  in  lien  thereof 
certificates  of  stoi^k  will  be  issued  t^)  the  fornitM-  contract  holders,  to 
ea(;h  in  the  proportion  which  the  (piantity  of  water  calle<l  for  under  his 
contnu't  bears  to  the  total  (luantity  represented  by  all  of  the  contracts. 
The  management  of  the  affairs  of  the  ent^nprise  will  then  be  turned 
over  to  these  new  stockholders.  When  this  reorganization  has  been 
effected  the  enteri)rise  assumes  the  form  hereinbefore  <les(;ribed,  in 
which  the  stockholders  are  the  actual  users  of  the  water.  This  is 
the  usual  provision  in  the  contracts  in  those  States  (Wyoming  and 
Nebraska)  where  the  ai)propriation  of  ])ublic  water  is  vested  in  the 
land  irrigated  by  it,  although  it  is  otlen  found  in  contracts  issued  in 
other  States. 

COST  AKD  CONDITIONS  OF  EECLAMATION. 

A  serious  mistake  is  involved  in  the  assumi)tion  that  the  immigrant 
to  the  arid  West  has  only  to  lumiestead  or  punrhase  a  ciuarter  section 
of  land  and  at  once  become  a  pros])erous  and  successful  farmer.  This 
would  be  possible  if  the  land  secured  were  at  the  tinieof  its  acquisition 
developed  and  highly  improved.  Lands  of  this  descri])tion  are  avail- 
able throughout  this  region,  but  in  most  <;ases  they  command  prices 
equal  to  those  prevailing  in  the  humid  States  for  lands  of  similar 
quality  and  ec^ual  productiveness  and  proximity  to  markets.  They  are, 
therefore,  out  of  the  reach  of  settlers  of  limiti^d  means.  Those  offered 
for  sale  by  the  various  irrigation  companies  are  almost  without  excep- 
tion raw  and  unimproved  prairie  lands,  upon  which  much  development 
work  must  be  done  in  the  way  of  breaking  and  subduing  the  native 
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Bod,  leveling,  erecting  fences  and  buildings,  constructing  ditches,  etc 
These  lands  can  usually  be  bought  at  very  moderate  figures,  and  upon 
very  favorable  terms.  They  are,  as  a  rule,  capable  of  being  developed 
into  farms  of  superior  fertility  and  productiveness;  but  they  can  be 
brought  into  this  condition  only  at  the  expense  of  great  labor  and  a 
considerable  investment  of  time. 

Similar  conditions  prevail  in  those  cases  where  the  settler  homesteads 
land  from  the  Government  and  creates  his  own  water-supply  facilities 
under  the  individual  plan  described  in  previous  pages  (p.l8).  His  land 
in  this  case,  nominally,  costs  him  nothing,  and  if  he  does  the  work  of 
development  and  improvement  himself  he  may  get  along  without  the 
expenditure  of  much  actual  money;  but  if  he  should  figure  up  the  cost, 
at  its  market  price,  of  the  labor  and  time  which  he  has  devoted  to  the 
work,  he  would  discover  that  the  farm  thus  acquired,  practically  with- 
out cash,  had  in  reality  involved  an  expenditure  largely  in  excess  of 
anything  which  he  had  anticipated  at  the  outset,  and  he  will  then 
understand  why  well-improved  farms  in  the  arid  regions,  which  origi- 
nally cost  nothing  for  the  raw  land,  sell  for  as  much  as  similar  farms 
in  the  well-settled  States  of  the  humid  region.  Nor  is  there  any  good 
reason  why  they  should  not  do  so,  since  a  fertile,  well-improved,  and 
well-located  ranch  in  this  region,  which  has  a  satisfactory  supply  of 
water  for  irrigation,  will,  under  skillful  and  intelligent  management,  as 
a  rule,  yield  a  profitable  return  upon  the  investment  represented  by  its 
cost;  and  this  is  especially  true  in  those  cases  where  the  actual  settler 
acquires  raw  lands  and  improves  them  himself  through  his  own  labor 
and  without  the  expenditure  of  cash.  The  labor  and  the  hardships 
involved  may  appear  trying  and  burdensome  for  a  while  during  the 
pioneer  period,  and  before  the  development  is  completed,  but  past  expe- 
rience indicates  that  where  the  conditions  are  favorable,  the  results 
will,  in  the  end,  generally  be  satisfactory.  Where  failures  and  disap- 
X)ointments  ocCur,  they  are  usually  the  result  of  an  insufficient  or  unre- 
hable  water  supply. 

The  value  of  farming  lands  and  water  rights  varies  so  greatly  in  dif- 
ferent localities  of  the  arid  region  that  it  is  extremely  difficult  to  give 
any  average  price  that  will  not  be  misleading.  The  price  of  raw  land 
with  a  perpetual  water  right  under  the  larger  enterprises  is  usually 
between  the  limits  of  $15  and  $35  per  acre,  with  the  annual  mainte- 
nance charge  on  the  water  right  varying  from  50  cents  to  $1.60  per  acre. 
From  40  to  80  acres  is  generally  regarded  as  the  proper  acreage  for  a 
person  of  limited  means,  and  in  ordinary  farm*  crops  can  be  farmed 
principally  by  his  own  labor.  The  payment  for  land  and  water  right 
is  usually  extended  over  a  period  of  five  years  or  more,  the  time  of  the 
second  payment  being  often  two  years  after  the  first,  thus  enabling 
the  farmer,  under  favorable  conditions,  to  make  his  second  as  well  as 
succeeding  payments  from  the  results  of  the  cultivation  of  his  land. 

Taking  $20  per  acre  as  cost  of  land  and  water  rights  and  $1  per 
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acre  as  the  annual  maintenance  charge,  tlie  first  year's  expensea  on  an 
80-acre  tract  of  this  kind  of  land  will  be  likely  to  ran  something  like 
this: 

First  year^a  expenses  on  an  SO-acre  Irrigated  farm. 

First  payment  on  land  :iud  wat4T  right  (one>lifth  of  $1,600) $320 

Fenciuf^  materialH .■ 160 

BiiildiDKH 800 

Tram,  wagon,  implements,  etc 300 

Annual  aBsessmont  for  ditch  muiutenance SO 

Total  cash  outlay 1.150 

To  this  must  l>e  adde<l  a  year's  living  ex])ense8.  The  above  items 
will  of  c^)ar8e  vary  with  the  tastes  and  means  of  the  settler,  but  they 
can  not  well  be  greatly  reduced  below  these  figures.  Of  course  he  may 
bring  his  team  and  implements  with  him  from  the  East,  thus  cutting  oat 
those  ittMus.  If  he  commences  in  the  early  fall  ho  may  be  able,  under 
ordinary  circumstiinccs,  to  do  the  n('cessary  fencing,  clearing,  plowing, 
leveling,  and  dit(;hing,  so  as  to  got  -K'  a(rres  into  crop  the  following 
spring.  He  can  hardly  hope  to  do  better  than  that,  and  may  have  to 
have  a  little  help  with  some  of  the  work.  Where  this  work  is  done 
by  hired  labor,  its  cost  will  usually  be  between  $5  and  $10  per  acre  so 
prepared  for  crop,  depending  very  largely  upon  the  amount  of  clearing 
and  leveling  requireii.  It  is  always  poor  ec'onomy  to  slight  this  part 
of  the  work,  (i round  shtmld  not  be  put  in  crop  without  painstaking 
pre|)aration  for  its  easy  and  <'omp]ete  irrigation. 

If  the  farmer  under  consideration  hsis  a  sufii(*ient  water  supply  and 
has  fairly  good  luck  with  his  10  a(Te  crop,  its  proceeds  will  pay  his  main- 
tenance, assessment,  taxes,  and,  as  he  has  no  further  ])ayment  to  make 
on  his  land  the  first  year,  kee]>  him  going  for  the  succeeding  year,  when 
he  will  have  his  entire  SO  su-res  in  crop,  and,  with  the  aid  of  his  yearns 
experience,  should  have  a  full  yield.  With  careful  e(;(m<»my  and  hard 
work  he  will  be  able  to  meet  his  se(*'Ond  and  succeeding  payments  on 
his  lan<l  from  the  ])roceeds  of  its  cultivation,  and  at  the  end  of  five  or 
six  years,  from  an  investment  of  from  ^1,000  to  :!<  1,500,  he  will  become 
the  owner  of  an  80-a<a'e  farm  worth  probably  i.^iO  an  acre,  and  capable 
of  making  him  a  good  living,  besides,  if  in  a  favorable  ]o<*atiou,  con- 
stantly increasing  in  value.  This  is  tlie  result  under  favorable  condi- 
tions. If,  however,  he  has  be(Mi  so  unfortunate  as  to  h)cate  j^i'  iK>or 
soil  (which  is  not  likely  to  happen),  or  under  a  canal  having  an  uncer- 
tain water  supply,  his  case  may  be  decidedly  .ditlerent.  His  best 
efforts  will  avail  him  nothing  if  he  is  not  able  to  get  the  necessary 
water  at  the  times  needed.  This  is  the  most  important,  as  it  is  some- 
times the  most  perplexing,  cpiestion  to  be  settled  before  purchasing. 
The  soil  is  almost  certain  to  be  of  excellent  (juality,  and  there  are  few 
irrigated  regions  where  there  is  not  now  a  mark(!!t  for  all  ])roducts 
raised.  Prices  vary  considerably  in  ditlerent  localities,  owing  to  local 
conditions  which  are  largely  temporary  in  their  nature.  The  safest 
b&aia  for  estimating  prices,  however,  \h  wot,  u\h>u  «»Melv  vioudvtv^w^^  Uwt^ 


57 

especially  for  Buch  products  as  hay,  etc.,  upon  their  feeding  value  upon 
the  farm.  Farming  throughout  the  arid  region,  except  as  regards  such 
specialized  products  as  fruit,  hops,  sugar  beets,  etc.,  is  each  year  getting 
nearer  that  character  which  long  experience  has  demonstrated  as  most 
generally  successful  and  profitable,  viz,  that  in  which  the  bulk  of  the 
product  is  fed  on  the  farm.  Success  in  this  kind  of  farming  in  the  arid 
States  does  not  necessarily  depend  upon  nearness  to  railroads  or  large 
towns,  but  is  quite  largely  influenced  by  other  considerations,  such  as 
proximity  to  free  grazing  lands.  Of  course  favored  localities  will 
demonstrate  the  great  success  of  particular  kinds  of  products,  but  still 
the  great  proportion  of  farming  throughout  this  region  will  be  of  the 
diversified  and  general  nature  practiced  elsewhere,  and  its  success  will 
be  most  largely  dependent  upon  a  good  water  supply.  Much  farming 
is  done  in  the  arid  region  under  conditions  of  water  supply  which  are 
not  entirely  satisfactory,  but  its  success  in  all  cases  is  directly  propor- 
tional to  the  sufficiency  and  certainty  of  the  supply.  Entire  success 
is  only  achieved  when  the  water  is  sufficient  in  quantity  and  certain  in 
its  duration  throughout  the  period  when  it  is  required.  Where  these 
conditions  prevail  the  factor  of  uncertainty  is  as  nearly  eliminated  from 
farming  operations  as  can  be  predicat^l  of  any  business,  and  its  results 
are  more  certain  and  satisfactory  than  can  be  realized  from  farming  in 
any  part  of  the  humid  region. 

The  farmer  in  the  humid  States  is  always  practically  "between  two 
fires."  He  may  be  either  burned  out  by  drought  or  seriously  damaged 
by  too  much  rainfall,  and  he  is  powerless  to  avert  either  of  these  evils. 
The  ranchman  in  the  arid  region,  who  is  operating  under  favorable  con- 
ditions, is  protected  from  the  latter  by  the  aridity  of  his  climate,  and 
from  the  former  by  his  artificial  water  supply,  whose  assistance  he  can 
invoke  at  pleasure.  He  has  the  exact  amount  of  moisture  which  he 
needs,  just  when  he  wants  it,  and  at  no  other  time.  His  operations  are 
rarely  delayed  by  weather  conditions.  He  may  plow  when  the  crop 
needs  it,  nor  is  he  hampered  by  either  dry  or  wet  weather.  If  his  land 
is  too  dry  to  plow  when  the  crop  requires  cultivation,  he  irrigates  it  to 
the  proper  degree  of  moisture.  In  most  localities  he  will  be  able,  so 
far  as  climatic  conditions  are  concerned,  to  work  on  his  farm  nearly 
every  day  in  the  year.  Under  favorable  conditions  he  is  certain  of  a 
large  crop,  and  will  be  able  to  harvest  it  in  good  condition.  Taken 
altogether,  the  practice  of  irrigation  furnishes  the  very  ideal  conditions 
for  the  conduct  of  agricultural  o^^erations. 
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METHODS  OF  ADHINI8TEATI0N  IH  THE  SEVERAL  STATES.' 

We  have  poiiite<l  out  tlie  necessity  for  careful  investigation  by  intend- 
ing settlers  of  the  conditions  of  water  supply,  priority  rights,  methods 
of  their  enforcement,  etc.  It  is  the  purpose  of  this  chapter  to  discuss 
somewhat  more  in  detitil  the  systems  of  water  administration  prevailing 
in  the  different  States,  giving  the  names  of  the  persons  at  present 
charged  with  these  important  duties. 

For  the  purposes  of  this  discussion  the  States  un<ier  consideration 
may  be  divided  into  two  general  classes,  each  class  having  somewhat 
similar  laws  and  customs  in  regard  to  water  a<l ministration  and  dis- 
tribution. In  one  grouping  may  be  placed  Nebraska,  Colorado,  and 
Wyoming;  in  the  other,  Idaho,  Montanti,  and  (Ttaii.  in  the  former 
three  States  the  distribution  of  water  from  the  natural  streams  to  the 
various  parties  entitled  to  its  use  is  vested  by  law  in  water  commis- 
sioners appointed  by  the  governor  and  acting  under  direction  of  the 
State  engineer,  who  is  the  head  of  the  irrigation  department  in  each  of 
those  States.  The  methods  of  adjudicating  the  various  rights  to  water 
(as  a  basis  for  its  proper  distribution  by  the  water  commissioners)  are, 
liowever,  essentially  ditferent  in  Nebraska  and  Wyoming  from  those 
])revailing  in  Golorsulo. 

In  the  first-mentioned  States,  rights  to  the  use  of  water  are  deter- 
mined by  a  board  of  control,  <'onstituted  hy  law  for  that  iiurpose.  Under 
the  i)rovi8ions  of  the  law,  the  adjudication  of  the  rights  to  the  waters 
of  any  stream  may  be  inaugurated  by  this  board  at  its  discn^tion.  It 
is  usually  done  upon  petition  of  some  of  the  water  users.  All  clsimants 
to  the  water  of  the  stream  are  i)roperly  notified  of  the  intended  adjudi- 
cation of  their  rights,  and  must  present  their  respective  <daims  and 
evidence  to  the  board  at  the  time  and  place  fixed  by  it  for  the  taking  of 
such  evidence,  which  ])lace  is  selected  with  reference  to  the  (convenience 
of  the  claimants.  After  considering  all  the  facts,  the  board  makes  a 
decree  fixing  the  priority  and  value  of  each  right  to  the  waters  of  the 
stream  under  consideration.  Tliese  decrees  are  based  upon  the  records 
and  testimony  introduced  by  the  claimants,  ami  upcui  a  veiy  careful 
examination  and  survey,  under  the  direction  of  the  State  enginet^r,  of 
t  lie  stream,  of  all  ditches  diverting  water  therefrom,  and  of  the  areas 

'.Soo  also  IL  8.  Dept.  Agr.,  Oft\rc  of  V*x\w^^^^^^'^^^  ^\.«LWo\\t\ \\\\\.  ^>y». 
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of  land  upon  which  the  water  is  used.  The  results  of  this  survey  are 
tabulated  and  mapped  for  the  use  of  the  board  in  its  consideration  of 
the  case  and  determine  the  volume  of  water  decreed  to  each  claimant. 
The  maps  and  evidence  in  each  case  are  made  public  before  the  decree 
is  finally  entered,  and  a  reasonable  time  is  allowed  for  contesting  any 
of  the  facts  therein  contained.  These  decrees  always  specify  the  land 
upon  which  the  decreed  water  is  to  be  used.  It  is  forever  inseparable 
from  it,  and  the  water  right  must  always  go  with  the  title  to  the  land. 
The  actual  beneficial  use  is  made  the  basis  for  the  decree  in  all  cases. 
These  decrees  may  be  appealed  from  to  the  proper  court  within  a  cer- 
tain time  after  being  rendered,  but  so  careful  is  the  board  in  its  exami- 
nation and  determination,  and  so  complete  the  data  submitted  by  the 
State  engineer,  that  such  right  of  appeal  is  very  rarely  taken  advan- 
tage of  and  the  determination  of  the  board  is  very  seldom  reversed. 

In  Colorado,  on  the  other  hand,  these  decrees  of  water  rights  are 
rendered  only  by  the  district  courts  after  trials  under  the  ordinary  rules 
of  evidence  as  to  the  facts  in  each  particular  case.  No  special  regula- 
tions exist  governing  the  character,  accuracy,  and  completeness  of  the 
evidence  which  must  be  submitted,  and  no  provision  is  made  for  any 
examination  or  survey  under  authority  of  the  State  to  obtain  the  exact 
facts  as  a  basis  for  the  determination  of  the  volume  of  each  acquired 
right.  The  whole  matter  is  settled  in  a  suit  between  the  various  claim- 
ants and  upon  whatever  evidence  may  be  introduced  by  them,  while 
the  interests  of  the  State,  the  real  owner  of  the  water,  are  not  repre- 
sented in  the  case  at  all.  Frequently  there  is  no  real  contest  in  the 
suit,  each  claimant  getting  a  decree  for  the  full  amount  claimed  by  him. 
The  lack  of  accurate,  as  well  as  the  presence  of  inaccurate  and  untrue 
testimony,  renders  the  issuance  of  a  fair  and  just  decree  in  such  cases 
impossible.  The  necessity  for  a  painstaking  survey  of  the  streams, 
ditches,  and  land  is  very  apparent,  both  for  the  protection  of  the  inter- 
ests of  the  State  in  the  water  and  those  of  the  appropriators. 

An  investigation  of  the  results  of  these  two  systems  of  water-right 
adjudication  leaves  no  room  for  argument  as  to  which  is  best  suited  to 
the  accomplishment  of  the  end  in  view,  which  is,  or  should  be,  the  dis- 
tribution of  the  water  of  the  streams  in  such  a  manner  as  to  secure  its 
greatest  possible  beneficial  use  and  the  best  possible  protection  of  the 
interests  of  the  actual  users  of  it.  The  advantages  of  the  system 
adopted  in  Wyoming  and  Nebraska  are  getting  to  be  generally  recog- 
nized by  all  parties  interested  in  a  just  determination  of  water  rights, 
and  the  prevention  of  costly  and  interminable  litigation  in  regard  to 
them,  which  is  doing  so  much  to  retard  settlement  and  irrigation 
development  in  some  of  the  States. 

The  systems  of  administration  and  distribution  of  the  water  after  the 
decrees  fixing  the  priority  and  volume  of  rights  are  rendered  are  practi- 
cally the  same  in  Nebraska,  Colorado,  and  Wyoming.  Each  State  is 
divided  into  several  water  divisions,  each  as  nearly  as  practicable  exskr 
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L.  A .  1  >ickfloii,  commisBioner,  flintrict  No.  5 Longmont. 

TIiuinaH  Kueale,  cominiMHioiier,  (liHtrict  Xo.  6 Niwot. 

William  E.  Cole,  comiiiiHHioner,  diHtrict  No.  7 Gulden. 

A .  D.  jiu ttertield,  commiHsiouor,  district  No.  8 1082  Hroad way,  Denver. 

C  B.  Cliu'k,  cominiHsionor,  diHtrict  No.  9 Hox  605,  Denver. 

T.  B.  PyleH,  comiiiiHsiouor.  district  No.  10 Colorwlo  Sprln^^ 

1 ).  M.  .loD<'H,  coiiiiniBsioiicr,  district  No.  11 Buena  Vista. 

T.  H.Newkirk,  coiniuiKNioncr,  district  No.  12 Florence. 

Ijoiiis  Mueller,  commissioner,  district  No.  13 Silver  Cliff. 

T.  J.  Burrows,  commissioner,  district  No.  14 Pueblo. 

C.  K.  Emery,  commiHsioner,  district  No.  15 Pueblo. 

Janirs  K.  Dempsey,  commissioner,  district  No.  16 Pueblo. 

H.  W.  P'orbes,  commissioDer,  district  No.  IS Gulnare. 

Felix  Cordova,  commissioner,  district  No.  ID Trinidad. 

Lou  .J.  Mitchel,  commissioner,  district  No.  20 Alamosa. 

David  Martiuez,  commissioner,  district  No.  21 Capnlin. 

Jobn  C.  l)»lton,  commissioner,  district  No.  22 Manassa. 

E.  E.  l)e  Coursey,  commissioner,  <listrict  No.  23 Alma. 

J.  C  L.  Valdoz,  conmiissioner,  district  No.  24 San  IjuIs. 

Gus  Peterson,  cimimissioner,  district  No.  25 Mirage. 

C.  A.  Potts,  commissioner,  district  No.  26 Sa^oncbe. 

A.  T.  Scott,  commissioner,  district  No.  27 Del  Norte. 

T.  P.  Goodman,  commissioner,  district  No.  28 Sargcnts. 

J.  S.  Hatcbcr,  commissioner,  district  No.  29 Pagosa  Springs. 

Jobn  T.Sleetb,  commissioner,  district  No.  30 1)uraugi>. 

Frank  H.  Meyer,  commissioner,  district  No.  33 Durango. 

D.  II.  Kednion,  commissioner,  district  No.  3-1 Maucos. 

Howard  W.  Hill,  ctmimissioner,  district  No.  'Mi Plains. 

Andrew  Kalquist,  commissioner,  district  No.  37  Ciypsum. 

George  \V.  Hull,  commissioner,  district  No.  liS Basalt. 

Frank  D.  S<iuires,  commissioner,  district  No.  39 Hide. 

M.  H.  Payne,  commissioner,  district  No.  10 Delta. 

W.  E.  Obert,  commissioner,  district  No.  41 Delta. 

George  Hall,  conimissioDer,  district  No.  42 ( \dlbrau. 

J.  1).  Moog,  commissioner,  district  No.  13 Meeker. 

William  Cba<lwick,  commissioner,  district  No.  4r> Kille. 

W.  I  >.  Beckwitb,  commissioner,  district  No.  47 Fort  ( -ollins. 

E.  W.  .Johnson,  commissioner,  district  No.  4« ( Jlen  Eyre. 

Burt  Ragau,  commissioner,  district  No.  49 Landsman. 

C.  B.  Rundell,  commissioner,  district  No.  tt2 Keileliff. 

C.  M.  Morris,  commissioner,  <Iistrict  No.  53 Eagle.  ^ 

P.  T.  MoUoD,  commissioner,  district  No.  61 Mcmtrose. 

J.  W.  Landrum,  ('omniissiouer,  district  No.  61 St'Crling. 

E.  J.  Picard,  commissioner,  district  No.  65 Vuuia'. 

Jesse  Tanner,  commissioner,  district  No.  66 Springfield. 

J,  B.  Traxler,  commissioner,  district  No,  67 Lamar. 

P.  H.  Sbue,  commissioner,  district  No.  68 Ouray. 

Albert  E.  Arms,  commissioner,  district  No.  69 Rico. 

IDAHO. 

Douglass  W.  Ross,  State  engineer Boise. 

MONTANA. 

Arid  land  grant  comrn'mHion. 

T.  C.  Marshall,  cbairman Helena. 

Donald  Bradford,  vice-chairman  and  general  manager Helena. 
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D.  A.  Corey,  secretary Helena. 

Joseph  K.  Toole Helena. 

C.  O.  Reed Helena. 

W.  S.  Fortiner,  chief  engineer Helena. 

NEBRASKA. 

Board  of  irrigation. 

W.  A.  Poynter,  governor  (ex  officio) Lincoln. 

C.J.  Smyth,  attorney-general  (ex  officio) Lincoln. 

J.  V.  Wolfe,  commissioner  public  lands  and  bnildings  (ex officio).. Lincoln. 
J.  M.  Wilson,  State  engineer  (ex  officio,  secretary) Lincoln. 

Under  secretaries, 

E.  D.  Johnson,  division  No.  1 Lexington. 

T.J.  CyKeefe,  division  No.2 Hemingford. 

Under  aesistanta. 

James  Day  ley,  water  district  No.  1,  water  division  No.  1-A I^wellen. 

R.  H.  Willis,  water  district  No.  2,  water  division  No.  1-A   Camp  Clarke. 

I.  A.  Young,  water  district  No.  3,  water  division  No.  1-A Gothenburg. 

C.  J.  Osboru,  water  district  No.  1,  water  division  No.  1-E Sidney. 

Robert  Busch,  water  district  No.  1,  water  division  No,  1-B Trenton. 

UTAH. 

Robert  C.  Gemmel,  State  eugineer Salt  Lake  City, 

WYOMING. 

Fred  Bond,  State  engineer Cheyenne. 

A.  J.  Parshall,  assistant  eugineer Cheyenne. 

Dimsion  superintendents. 

W.  M.  Gilcrest,  secretary  State  board  of  control,  and  superintend- 
ent, water  division  No.  1 Cheyenne. 

F.  S.  Kellogg,  superintendent,  water  division  No.  2 Sundance. 

B.  B.  Morton,  superintendent,  water  division  No.  3 Tensleep. 

John  Iredale,  superintendent,  water  division  No.  4 Rock  Springs. 

Water  commissioners — Division  No.  1. 

W.  D.  Pease,  commissioner,  district  No.  1 Cheyenne. 

George  W.  Snow,  commissioner,  dLstrict  No.  2 Little  Bear. 

J.  L.  Jordan,  commissioner,  district  No.  3 Iron  Mountain. 

Price  Jacobs,  commissioner,  district  No.  4 Laramie. 

C.  H.  Jones,  commissioner,  district  No.  .5 Laramie. 

William  Brauer,  commissioner,  district  No.  6 Saratoga. 

Horace  Nichols,  commissioner,  district  No.  7 Collins. 

J.  M.  Calvert,  commissioner,  district  No.  8 Dixon. 

Daniel  Fitgar,  commissioner,  district  No.  10 Johnstown. 

J.  W.  Price,  commissioner,  district  No.  11 Casper. 

W.  F.  King,  commissioner,  district  No.  12 Rockcreek. 

Price  Martin,  commissioner,  district  No.  13 Glendo. 

D.  A.  Wucherer,  commissioner,  district  No.  14 Lusk. 

Division  No.  2. 

F.  B.  Fawcett,  commissioner,  district  No.  1 Newcastle. 

John  Ridley,  commissioner,  district  No.  2 Buffalo*. 
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A.  C.  Wftibnrton,  commlMioner,  district  No.  3 Bnfhlo, 

U.  K.  Wood,  oommisginner,  district  No.  4 SheHdHi. 

TliomasT.  Howd,  oomminioiier,  district  No.  5 Dftjtoo. 

Adolpliu  Youkel,  commissioner,  district  No.  6 ...,..„.Sl&ck. 

IHrUion  No.  3. 

A.  P.  Bftttram,  commiHioneT,  district  No.  1 L&nder. 

L.  P.  HttdsoD,  commiseioner,  district  No.  3 Lander, 

DirMc*  2f«.  4. 

Ctiarlu  Bathbam,  oommissionei,  distriot  No.  1 Pontenalle. 

H.  Henderson,  commiMioIli^^,  diitriot  No.  3 Afton. 

John  Shirk,  oommiwioner,  district  No.  3 Kobertaon. 
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LEITER  OF  SUBMITTAL 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

Irrigation  Investigations, 
Cheyenne^  Wyo,^  January  «f,  1900, 

Sir:  I  have  the  honor  to  submit  herewith  a  paper  prepared  by  B.  C. 
Buffum,  professor  of  agi'iculture  and  horticulture  in  the  University 
of  Wyoming,  on  the  use  of  water  in  irri^tion  in  Wyoming.  It 
describes  his  studies  on  this  subject  during  the  past  nine  years  and 
gives  his  conclusions  regarding  certain  measures  and  methods  needed 
to  secure  the  largest  service  from  the  available  supply. 

The  investigations  of  Professor  Buffum  deal  with  the  same  problems 
as  the  more  comprehensive  studies  of  the  duty  of  water  made  by  the 
Office  of  Experiment  Stations  during  the  irrigation  season  of  1899. 
His  measurements  were  all  made  in  Wyoming,  while  those  of  the 
Office  embraced  fifteen  States  and  Territories.  The  first  shows  the 
variation  from  j^ear  to  year  in  the  quantity  of  water  used  to  grow 
the  same  kinds  of  crops  on  the  same  fields;  the  second  will  show  the 
influence  of  soil,  climate,  and  products  in  widely  separated  localities. 

The  tables  and  diagrams  showing  the  dates  when  water  was  used,  its 
volume  and  the  relations  of  this  use  to  the  available  supply,  are  worthy 
of  study  both  by  practical  irrigators  and  those  who  have  to  deal  with 
either  the  making  or  administration  of  irrigation  laws. 

The  results  of  the  measurements  of  water  at  Wheatland  in  1893, 
given  on  page  46,  show  that  the  eleven  crops  grown  on  plowed  land  did 
not  require  irrigation  before  June,  and  the  use  of  water  ceased  with 
the  middle  of  August;  while  with  ten  of  these  crops  the  use  of  water 
ended  in  Jul3^  Forage  crops  grown  on  land  not  plowed  were  irri- 
gated both  earlier  and  later;  but  this  extended  use  was  not  so  much 
due  to  the  requirements  of  the  crops  as  to  the  fact  that  they  were  irri- 
gated when  water  was  most  available,  rather  than  when  it  was  most 
needed.  The  total  length  of  the  season  for  cultivated  crops  was  there- 
fore less  than  eighty  days,  and  the  total  use  of  water  for  all  agricultu- 
ml  purposes  less  than  six  months.  The  table  on  page  48  gives  the 
dates  of  irrigation  at  Ijtimmie,  Wyo.,  in  1898.  These  measurements 
embi-aced  an  unusually  wide  range  of  products,  including  twenty  crops 
grown  on  plowed  land  and  two  fields  of  alfalfa.     Notwithstandia^ 


tho  variety  of  crops  cinhnicod,  no  water  wiw  used  anj'where  before 
June,  and  none  on  cultivated  land  after  August.  Alfalfa  was  irrigated 
later,  hut  the  use  there  ended  in  Septt»nilK»r.  Although  this  re<.'ord 
includi^d  about  every  crop  grown  in  Wyoming  outside  of  native  ha}% 
the  totul  length  of  the  irrigation  iH>ri(Kl  was  less  than  one  hundred 
djivs. 

ft' 

The  same  table  gives  the  dates  of  irrigation  at  the  Wyoming  Experi- 
ment Station  farm  in  IHW  and  18i>7.  While  these  dat*  include  a  left* 
number  of  crops  than  those  before  referred  to,  they  show  in  a  more 
striking  way  the  short  dumtion  of  the  period  when  water  is  requii-ed. 
In  181*6  water  was  not  needed  until  after  the  middle  of  June,  and  it 
was  hist  iLsed  on  August  14,  making  the  total  length  of  the  irrigation 
peri(Kl  less  than  sixty  days.  In  1SJ)7  irrigation  began  June  25  and 
ended  August  U\  a  total  of  only  Hfty-three  (hiys. 

The  (Mitire  series  of  meiisurements  reix)rt(»d  in  this  imper  show  that 
there  is  no  considerable  use  of  water  in  Wyoming  In^fore  June,  and 
that  the  irrigation  season  practically  ends  with  Augiu^t. 

In  the  general  avenige  of  the  linnimie  measurements  given  on  i>age 
50,  n(»arly  on(»-half  of  the  water  was  used  in  June.  Adding  th<»  depths 
of  water  used  on  all  crops,  givi^s  a  total  of  240  inches,  of  which  187 
inches  were  us(»d  in  June  and  July. 

The  ta})le  of  av(»niges  for  Wheatland,  on  pagi»  47,  shows  even  more 
conclusively  the  brief  duration  of  the*  irrigation  season  in  Wyoming. 
Adding  the  depths  of  water  used  on  all  crops  at  this  place,  gives  a  total 
of  220  inch(vs;  112  inches  of  this  was  the  result  of  irrigation  in  June 
and  11*S  of  that  in  June,  July,  and  August. 

Professor  Huifum  has  stated  on  pages  5l-r)r),  his  conclusions  as  to 
the  signiticance  of  tlH\se  facts.     They  may  be  sumniarizcd  as  follows: 

Irrigation  does  not  Jx^gin  until  the  greater  part  of  the  water  supply 
has  escajH^d.  The  snows  of  the  foothills  and  lower  mountains,  where 
most  small  streams  rise,  melt  before  the  middle  of  June,  which  isalK>ut 
the  date  when  active  irrigation  logins. 

The  use  of  water  in  irrigation  is  not  <>ontinuous.  On  the  contmry, 
there  are  six  months  in  which,  as  a  rule,  water  is  not  used  at  all.  The 
practical  use  occurs  between  ffurn*  I."*  and  August  ir>.  or  only  two 
months  out  of  the*  (welve. 

Ignoring  this,  irrigation  laws  have  follow<'(l  mining  practices  where 
the  use  of  water  is  continuous,  and  made  rioflits  for  irritration  contimi- 
ous;  thus  giving  to  dit<'h  owners  th(^  same  right  for  the  ])ortion  of  the 
j'ear  when  water  is  not  need(^d  as  th(\y  have  for  the  period  of  actual 
use.     This  surplus  right  therefore  is  not  l)ased  on  any  actujd  neceN<ity. 

In  order  t<>  make  the  best  use  of  the  water,  whi<li  now  runs  to  waste 
Ijefore  irrigjition  begins,  it  will  have  to  be  stored.  A  comi)rehen<ive 
Hj'stem  of  reservoirs  will  require  public  aid,  either  from  the  Stale  or 


nation,  and  public  supervision  in  the  distribution  of  the  stored  water. 
If  this  is  undertaken,  the  question  will  at  once  arise,  Who  owns  the 
stored  water?  If  it  shall  be  held  that  the  rights  for  the  nonirrigation 
period  now  being  acquired  are  vested  and  absolute,  such  rights  will 
absorb  the  entire  volume  which  can  possibly  be  held  in  reservoirs.  So 
far  as  Wyoming  is  concerned  this  is  as  yet  a  speculative  question,  but 
it  is  certain  to  become  one  of  great  practical  importance. 

The  complications  thus  indicated  by  Professor  Buffum  have  been 
obviated  in  the  irrigated  countries  of  Europe  by  makmg  a  well-defined 
distinction  between  rights  for  water  for  the  irrigation  and  nonirriga- 
tion periods,  and  between  the  rights  for  water  used  strictly  from  the 
streams  and  rights  for  stored  water.  Few,  if  any,  of  the  older  irri- 
gated districts  follow  our  pi'actice  of  making  grants  for  streams  either 
free  or  perpetual.  On  the  contrary,  the  licenses  issued  are  for  a  speci- 
fied period  and  contain  specific  restrictions  both  as  to  the  dates  when 
water  is  to  be  taken  and  the  purposes  for  which  it  is  to  be  used. 
Without  exception  the  districts  in  Europe  where  irrigation  is  most 
successful  are  those  in  which  rights  to  water  for  irrigation  are  attached 
to  the  land  and  are  inseparable  therefrom.  This  prevents  the  compli- 
i'ation  regarding  surplus  of  speculative  rights,  and  yet  at  the  same  time 
gives  to  the  actual  user  full  protection. 

The  tables  given  in  this  paper  show  that  the  practice  of  basing  the 
dimensions  and  capacities  of  canals  on  an  assumed  average  duty  for  the 
entire  season  will  not  meet  the  requirements  of  irrigation  practice  in 
Wyoming,  where  two-thirds  or  more  of  the  water  is  required  in  a 
period  of  sixty  days.  The  experience  of  irrigators  in  that  State  has 
also  shown  this  to  be  true.  It  has  generally  been  found  that  when  the 
entire  urea  along  a  canal  has  been  brought  under  cultivation  the  dimen- 
sions of  the  canal  have  l>een  too  small. 

Respectfully,  Elwood  Mead, 

Irrlgatio7i  Expert  in  Charge, 

Dr.  A.  C.  True,  Director, 
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THE  USE  OF  WATER  IN  IRRIGATION  IN  WYOMING. 


nfTEODUCTION. 

There  are  some  things  about  irrigation  which  are  fairly  well  under- 
stood. We  have  learned  how  to  build  ditches  and  opemte  them  in  the 
distribution  of  water.  The  simpler  laws  of  plant  growth  are  becoming 
well  understood,  and  the  amount  of  water  taken  up  by  the  plant,  used 
in  its  development,  and  thrown  off  by  it  is  being  studied.  Compara- 
tive! v  little  effort  has  been  made  to  determine  how  much  water  nuist 
be  applied  to  the  land  by  irrigation  to  mature  the  plant  and  to  unravel 
the  somewhat  intricate  relations  l)etween  water,  soil,  climate,  and  a 
profitable  crop.  The  knowledge  lacking  in  irrigation  and  which  must 
in  some  way  be  obtained  before  our  water  supply  will  be  either  wisely 
or  correctl}"  used  is  how  much  is  required  to  secure  the  best  results, 
and  when  and  bv  what  means  it  can  be  most  economicallv  and  effi- 
cienth'  applied.  The  area  of  land  in  arid  regions  which  can  be  ulti- 
mately reclaimed  is  limited  by  the  water  supply.  Anything  which 
will  extend  the  use  of  this  supply  will  add  to  the  ultimate  wealth  and 
popidation  of  this  region,  but  if,  through  lack  of  knowledge  of  the 
actual  necessities  of  irrigation,  rights  to  water  are  acquired  which 
have  no  relation  to  these  necessities,  and  thcvse  rights  become  fixed  by 
custom  into  laws,  the  train  of  evils  which  will  follow  will  seriously 
restrict  the  acreage  l>rought  under  cultivation  and  add  greati}"  to  the 
cost  thereof.  The  problem  is  a  large  one.  It  will  require  much  repe- 
tition of  experiments  and  long  and  careful  study  before  the  question 
can  be  fully  solved,  but  the  end  in  view  promises  returns  more  than 
commensurate  with  the  cost. 

The  settlement  of  a  vast  territory,  and  the  ultimate  prosperity  and 
happiness  of  its  people,  depend  upon  the  artificial  application  of  water 
to  the  land.  Already  the  population  has  increased  to  such  an  extent 
that  all  the  public  domain  in  the  humid  States  and  pi-actically  all  that 
in  the  arid  regions  which  can  easily  be  brought  under  irrigation  has 
been  absor})ed,  so  that  there  is  no  longer  opportunity  for  the  sons  of 
farmers  to  cultivate  free  land  unless  it  be  at  great  expense  for  recla- 
mation. Already  the  time  has  arrived  when  many  irrigated  districts 
have  so  far  developed  that  scarcity  of  water  is  keenly  felt,  and  the 
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fr(UH\  of  the  roiiimiuiity  (lonmn<Is  that  thoro  shtiU  ho  no  unncco»8ary 
wast*'  of  thr  liiiiitod  wutor  supply.  Without  a  knowledge  of  the 
aiiiouiit  of  wat(M*  which  may  l)o  avaihihlo  and  of  the  amount  retiuii'ed 
for  th<»  suciM'ssful  ])ro(lu(-tioii  of  crops,  who  shall  sjiy  whether  or  not 
the  supi)ly  is  ccoiioniically  distiihuted,  or  whether  that  used  is  ade- 
<juat(>  or  ina(le(|uat<>.  iMMieiicial  or  injurious,  or  to  what  extent  the  land 
not  yet  irripited  may  1h'  made  productive  if  To  ehicidatc  such  weight^' 
and  far- reaching  (picstioiis  as  these  we  must  by  actual  measurenieiitrt 
determine  how  nnu*h  water  nniy  \h^  o)>tained^  how  much  is  applied  to 
the  land  and  crop,  how  much  is  lost  in  various  ways  (in  order  to  bring 
intf>  i>ni<'tic<>  nM>ans  of  preventing  such  losses^  ho  far  as  possible  and 
practicable), and  how  nnu'h  is  ivcpiired  by  different  cn){)s  on  different 
soils  in  different  climates  and  different  si*asons.  By  (*areful,  persist- 
ent, and  intelli[|:ent  study  of  these  factors,  along  with  the  n^sulting 
crop  produc^tion,  we  may  finally  arrivt^  at  more  or  less  definite  i*oncIii- 
sions  in  reg:ird  to  the  ]H>ssi})ilitie.s  and  limitations  in  our  future  agri- 
cidtund  <levelopment. 

I'nder  the  lM»st  irrigation  laws  now  in  force  the  water  iNdongs  to  the 
State,  and  the  amount  which  the  individual  may  appropriate  for  his 
land  is  not  more  than  he  is  able  to  ])rove  is  ai)plied  to  )HMieficiaI  use.' 
Such  laws  o|)4»n  the  way  to  tht»  greatt»st  iM)ssible  development  of  our 
natuml  agricultural  resources.  The  limit  of  that  development  will  l)e 
known  only  when  w(^  know  the  amount  of  the  supply  and  are  informed 
in  regjird  to  what  c(mstitutt»s  beneficial  ust». 

The  fundamental  principles  of  the  a])pli<*ation  of  water  to  crops 
have  been  the  hist  to  receiv«'  attention.  Although  irrigation  is  almost 
as  old  as  agriculture,  tht»  avenigt*  irrigator  readily  acknowledges  his 
ignomnci^  of  the  amount  of  water  necessary  to  produce  a  maximum 
crop,  and  his  idea  of  the  amount  of  water  actually  apidied  to  his  land 
year  after  year  is  alK)ut  as  vague  and  indefinite  as  his  knowUnlge  of 
the  distance  to  the  nearest  star.  At  the  sauic  tiuie  intelligent  users  of 
water  are  fast  waking  u))  to  the  fact  that  this  kind  of  information  i?»of 
vast  importance.  Without  a  knowl«*dg<»  of  the  amount  of  water 
required  by  tln^  land  and  crop  no  just  arid  e<|uitable  distribution  of 
water  among  ai)propriators  can  )>e  made.  Without  it  tiMM't*  is  constant 
danger  of  litigation  over  the  right  to  us<»  water.  W^ithout  it  the  de- 
termination of  the  man  with  the  prior  right  to  get  his  share,  or  all  the 
law  has  given  him,  n»sults  in  his  injuring  his  crops  by  ov«'rirrigation, 
while  his  ni>igh)H)r  who  has  appro|>riated  at  a  later  dat«'  ^«'es  his  crop 
destroyed  by  <lrought.     Without  it  courts  have  decreed  <Miough  water 

'This  M  ill  iU'winl  with  tin*  niliiip*  «)f  th«*  Wynmin^  Stat*-  Umnl  dI  coiitml,  nml 
haw  hitherto f^ovornod  the  (livinion  of  Htn>iiiiiH  junoiij^  ii|>|)rnpriatorH.  Smcc  the  jmiiht 
was  written  thiw  doirtrine  h»s  Inm  wt  ii.«i«le  hy  a  dintrlrt  j-nnrt  <h*cision,  w!»i<'h  hoMn 
that  water  ri^litn  are  p(*rsonal  |iro|NM'ty  and  that  partirs  <'aii  ap))r(»priute  more  than 
they  iii'cd  and  Hi>ll  the  t<ur])hi:«. 
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to  one  man  to  cover  his  land  over  500  feet  deep  and  to  another  less 
than  enough  to  cover  it  1  foot  deep.* 

In  the  arid  regions  values  attach  to  the  water  rather  than  to  the  land. 
Water  is  scarce,  while  land  is  comparatively  abundant.  There  is 
approximately  ten  times  as  much  land  as  the  water  supply  under 
present  usage  will  irrigate.  The  increase  in  value  of  land  as  soon  as 
it  is  reclaimed  and  is  insured  a  permanent  water  supply  is  enormous. 
Professor  Carpenter,  writing  for  Colorado,  states  that  ''a  doubling  of 
the  duty  would  increase  the  public  wealth  of  the  State  from  this  source 
alone  by  $20,000,000."  Undoubtedly  the  eflBciency  of  our  water  sup- 
ply can  be  improved  to  a  great  extent  when  the  relation  of  water  to 
the  soil  and  crop  becomes  properly  understood — when  the  land  has  been 
cultivated  and  irrigated  a  number  of  j'^ears,  and  a  better  agricultural 
pmctice  becomes  general. 

A  knowledge  of  the  amount  of  water  necessary  to  reclaim  land  and 
produce  profitable  crops  of  the  kinds  which  succeed  under  existing  con- 
ditions of  soil  and  climate  is  clearly  a  matter  of  first  importance  to  the 
appropriator,  that  he  may  obtain  enough  for  that  puipose;  to  the  State 
land  boards  and  to  the  courts,  that  just  and  equitable  settlement  may  be 
made  of  all  questions  relative  to  the  use  of  water;  and  to  the  Common- 
wealth, that  the  greatest  amount  of  land  may  become  profitable  and 
support  a  maximum  population.  Without  such  information  legisla- 
tors have  adopted  and  reenacted  land  laws  from  other  places  which  do 
not  fit  the  conditions  under  irrigation  at  all,  and  too  often  the  irriga- 
tion laws  which  have  been  put  in  force  have  been  unjust  and  inade 
quate.  A  vast  system  of  agriculture  under  irrigation  has  grown  up 
in  arid  America,  upon  which  thousands  of  families  are  dependent  for  a 
livelihood,  and  the  irrigation  codes  have  been  framed  for  their  benefit 
and  protection,  with  onl}^  a  limited  knowledge  of  the  water  supply  and 
the  duty  of  water.  Clearly,  those  laws  have  been  most  efficient  and  just 
which  in  some  way  recognize  water  dut}'',  as  in  Wyoming  and  Nebraska, 
where  they  provide  that  the  water  attaches  to  the  land  irrigated  by  it, 
and  the  amount  of  appropriations  are  limited  to  the  volume  actually 
applied  to  beneficial  use.  The  framers  of  the  Wyoming  irrigation 
laws,  with  great  wisdom,  foresaw  the  value  of  such  recognition,  and  are 
to  be  congratulated  upon  establishing  a  code  under  which  very  little 
litigation  has  sprung  up.  Much  trouble  has  been  experienced  in  the 
States  where  companies,  under  the  name  of  ''common  carriers,"  or 
individuals,  have  been  given  control  of  large  amounts  of  water,  to  be 
used  by  them  as  an  article  of  trade  to  be  sold  to  this  or  that  farmer 
who  will  pay  most  for  it.  When  water  has  been  diverted  under  indi- 
vidual ownei^ship  and  becomes  a  source  of  speculation,  and  court 
decrees  have  given  water  in  excess  of  the  natural  supply,  or  have  pro- 
vided one  man  with  more  than  he  can  use  and  another  with  not  enough 

'  U.  S.  Dept.  Agr.,  Office  oi  Exv^nmeivX.^XjaXAcswa^x^^'y^* 
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to  «'iirry  on  profitiiblo  fjiriiiing,  what  wondor  that  litigation  has  caused 
^\p(MuIitu^^s  of  millions  of  dollars,  or  that  unhappy  feuds  between 
iiiii)ap])y  fuiinorH  have  sprung  up  and  the  irrigating  shovel  has  become 
a  weapon  of  offense  and  defense!? 

Th<^  investigations  which  have  boon  carried  out  demonstrate  that 
<lutv  in  anv  loealitv  varies  l)etween  somewhat  wide  limits,  so  that  dis- 
tiiirtions  can  not  be  too  closely  dniwn.  The  limit  of  an  appropriation 
should  ])vt  no  less  than  the  maximum  amount  needed  in  ordinary  prac- 
tice. One  cubic  foot  i)er  second  for  70  acres,  as  given  in  Wyoming,  has 
])roved  suflicii^nt  undt^r  ordinary  conditions,  even  for  newly  irrigated 
land  and  for  native  hay,  which  retpiin^  more  water  than  old  land  or 
other  crops.  More  measun^ments  of  the  amounts  actually  used  on 
faruH  are  neede<l  befon*  a  clos(».  estimate  can  be  made  of  what  mav  be 
acc(>mi)lislied  with  the  available  supply. 

The  larger  part  of  the  material  ust»d  in  the  preimnition  of  this  report 
has  not  heretofore  been  published,  and  has  been  obtained  through  water 
measurements  and  investigations  liy  Ww  Wyoming  Kxperiment  Sta- 
tion in  coofM^ration  with  the  Ollice  of  Kxiieriment  Staticms  of  the 
United  States  I)t»partnu'nt  of  Agricultun*.  To  this  have  been  added 
s<»nH»  mcMisurements  made  by  the  Territorial  t'ligineer  of  Wyoming, 
at  Wh<»atland,  Wvo.,  where  the  station  aft<»rwards  made  a  series  of 
tleterminations  of  the  duty  of  water.  It  has  been  thought  Inist  to 
avoid  using  compilations  from  othei*  Miurces. 

APPLICATION  OF  WATER  TO  CROPS. 

Kverv  airriculturist  realizes  that  mon*  or  less  water  is  necessary  to 
th«'  growth  of  plants,  that  the  larger  part  of  the  substance  in  the  grow- 
ing plant  is  watcM*,  and  that  his  crops  ])r(»mptly  dry  up  and  die  when 
tlie  su])ply  of  water  in  the  soil  is  exhausttMl.  \S\\  know  that  water  is 
taken  u])  from  tin*  soil  by  roots,  that  it  ai<ls  in  tin*  assimilation  of  food 
by  the  i)lant,  and  is  lost  into  the  air  by  transpiration.  The  nature  of 
tlii'se  pnx'CNSi's  in  the  ])lant  is  not  ri'latc*!  to  this  dis«'ussion,  but  the 
amount  of  water  so  u>i'<l  is  of  tirst  im])ortan<'e. 

aUANTITY  OF  WATER  REQUIBED  BY  CBOPS. 

Solute  investiirations  of  thc^  amount  of  water  artuallv  needed  bv  the 
])lant  hav(»  l)een  made.  While  they  are  not  wholly  applicable  to  plants 
iai>e(l  in  an  arid  climate,  they  an*  <»f  int«'r«vst.  Profe>Nor  King,  of  the 
Wisconsin  Kx])eriment  Station,  found  that  th«'  average  amount  of  water 
r«Mjuired  to  produce  one  ])ouiicl  of  dry  niatti'r  was,  \u  round  inunber-^, 
'VX)  pcmnds  with  barley,  T^MO  pounds  with  oats,  4r>:>  pounds  with  clover, 
:iln  ])ounds  with  corn,  477  pounds  with  lield  ])eas,  and  4:i'A  p<»unds  with 
potattM's.'     With  the  yields  \\{\  obtained  this  amount^  to  a  (h'pth  of  1.5 

'  \Vi.«e«)nsin  S\ii.  Uv\.  \s\U,  v  -^^- 
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feet  used  by  the  crop  of  barley,  nearly  1.6  feet  by  the  oats,  a  little 
over  1.6  feet  by  the  clover,  and  over  2  feet  by  corn,  peas,  and  potatoes. 
According  to  the  plan  of  thene  experiments,  no  account  was  taken  of 
the  loss  of  water  by  evaporation  from  the  soil.  These  amounts  are  the 
total  quantities  of  water  received  by  the  soil  in  whicli  the  crop  grew 
and  used  by  the  plant,  evaporated  from  the  soil  surface  or  lost  by 
drainage,  there  being  no  other  source  of  loss.  The  application  of  water 
to  the  plants  approached  the  manner  of  supplying  water  in  the  arid 
region.  When  too  much  water  fell  as  rain,  it  was  kept  awaj'  from  the 
crops  by  shelter,  and  when  the  plants  needed  water  it  was  supplied  arti- 
ficially. In  every  case  there  was  increased  crop  when  water  was  arti- 
ficially applied,  a  strong  argument  iu  favor  of  irrigation  for  the  humtd 
region.  In  experiments  of  the  Wyoming  Station  the  same  facts  were 
not  taken  account  of  as  in  those  recorded  by  King,  but  it  is  of  interest 
to  note  the  amount  of  water  supplied  to  crops  by  irrigation  and  miii- 
fall  during  the  growing  season. 

Barley,  which  produced  profitable  crops,  received  at  different  times 
and  places  in  our  experiments  from  12.8  to  37  inches  of  water;  oats 
received  from  20.6  to  48.8  inches  of  water;  com  received  14.8  inches 
of  water.  This  is  merely  a  statement  of  the  depth  of  water  applied 
to  the  crops,  and  takes  no  account  of  the  water  lost  by  waste  from 
the  surface  or  byseep^e  below.  Leaving  out  of  account  the  unknown 
variations  in  soils  and  climatic  conditions,  it  would  not  appear  from 
these  figures  that  excessive  amounts  of  water  were  used  in  irrigation. 

The  following  table  shows  the  quantity  of  water  used  for  a  given 
quantity  of  ci-op  harvested: 

Waler  applied  and  the  fny}i  produced. 


AtlaIte.2iT 
AiraKu,  finl 

Alhlb.  ^  crops ". ' do 

Barley.  S  varlelliv WhuMland  .. 

Barley.  9  varledm Laramie 

Barley,  tubsolleil ' do 


Barley.  HiEhland  Chiel 

Barley,  High  land  Chtef,  nib- 

Bolled.  eiraw  ani)  aniln. 
Bacley.  Highland  Ctilel.  lub- 


lubwiled,  eiraw . 
Barley.  HUthlmid 

■ubeolled.  drain. 
Corn.  Mlnnpeuta  K 


....do... 


W«,nr, 

lrrlK»I.o 

..  p^racri-. 

,?: ", 

r^r:„ 

i 

m 

ISSB 

<,3»4,««a 

ism 

75.159 

4,6e7.iH7 

IBM 

7B.159 
75,159 

4,697,337 
1.097,337 

isra 

DfH 

e»i»45 

a.BTO.ooo 

816.5 
Z.Wl.H 
8,756.7 


14 


Wnhr  npj^ it'll  and  the  iTitp  pnttiurttl — Continue«l. 


(riip. 


I'lMlf. 


I»vplh 

Y.«r    WaliT  rert'Ivt-d  by        *  ' 
^^^^\  IrnKatiiin.  ihthiti'..  ^^^"^ 

-Nurracc. 


Yield 
per  acre. 


Water 


ponndcif 

cioppn^ 

duced. 


( i.ii".  Karly  Arrhanffel WhcRtlaml . . . 

*  liltH,  <iiHI>t  ShIi' <lo 

4htt*>.  LiricfWii,  nilltVHUsl Ijiniiiiic 

Ittt fin 

<>iit*<,  Ijiirolii,  liclfl  fiilMiru (lo 

IH) do 

«>Ht«.  LllK-olll.nil  immI <1(» 

«)Ml»,  IIOlMlllMlill'd «lo 

<  *til*i  i»li  MKl (In 

«»iit»  «>iiIim»i1<m1 do 

^•iii^.MiriirlM.' do 

(»iit>,  Sur|»nM>,  iiol  miIjmiiI(h|,    do 

LTUlll. 

()iit*i,  HijrpriM>.  not  M>l>M»il(i1 dt 

tsrnUi  ft  lid  Mtmu.  | 

<  )iits,SurpriM>.  KUlH-rfilli'd,  Kriiiii do 

( >nls.Snri'rii^'.  mUimiIIiM.  kthIii  ■ do 

and  Htniw.  | 

(>}it«i.SnrpriM>,siil>»milc-l.Kriiiii do 

( >Ht*t.  Surpri^H'.  siiiiMiihil. Kniiii    do 

mid  ^iniw. 
i »iit«i  ami  vcl<-li  for  Iniy,  mnil    lo 

llHV. 

J'l-a-.  fclniw  and  jmilri do 

I't-n* do 

l'iiiiiiiH-».  12  viirh-tii'o Wliralluiid  .. . 

riii}itoi-*> Ijirainjf 

I'liiiiroi-^.  lint  ••iit><4iiltd.  irn-  ' do 

L'llli'd  .( tinier 
I'nraiiMo.  iioi   •■uliooiti  i|.   irri 

^Mti-d  tuiiiv 

I'liliili ••■••.  *uJi-iiil««l,   irrii,'iiti-il 

.;  liiiif>. 
l'«itiit4K-.o,  sii)ioiij|i-d,  irri|i.'ii(i'f| 

tulri'. 

i:>.- 

!:>»•.  -print.' >  Wlniiilntid  ... 

liyi'.  wiiitir do 

.-iiL'iir  ln'i'is.  1  viiri«-tii-» '  d«i 

Mi>:iir  lii-i'totiiid  ruta-)i]iKa» Ijiminii-   

riiiioili\ Wlii-atlaiid  . .. 


iNUn 
iMlCi 
1HU7 

IW! 
INW 

iNlHi 
iKWi 

IKW 
l^yh 


ru./t. 

lUf.01'2 
T.i.HTili 

107,012 
7!i.  KW 

112,ri79 
t».2!lb 
41.  MW 
m/JfM 
H2.rrt7 
75, 1.VJ 


4.2.Vi.Uin 
4.N0i;.0UU 

4.710,  H12 

(i.  em,  290 

4.740.M12 
7.(MI.1K1 
K.UM.O0O 
2.iil7.K7.'i 
:{.lk>,000 
.M(-|.\2»7 
4.tiV7.:«7 


Fcft. 
1.57 
1.77 
2.46 
1.74 
2.46 
1.74 
2.M 
1.46 
.M 
1.46 
1.1W 
l.?3 


PoundJL 
1.024 
1.60R 
l,6ffi 

W2 
1,456 

530 

eOH 
1.245 
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l.&W 
2.150 
l.'iTTi 


J\mmU, 
4.156.3 
2,9W.l 
4.024.2 
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10. 087. 7 
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4.880.0 
2.608.9 
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Mltifl. 

!»•• - do 
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1)4 do 

Wlii'iii,  not  -iil^olliil ijo 
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••iitiMiili'd,  Knijii. 
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Till'  Wfi^lit  of  «-n)[)li;irvr.»^tr(l  i.s  .v;u})j«'rt  to  nmrli  vjiritition.  In  soiiio 
in.^taiKT.s  it  will  Im'  iiotrd  that  only  the  nuinl»'r  of  pounds  (»f  jifniin 
produced  i.«^  «^ivt'n,  wliiU*  in  otlirr.-^  tlir  ^-^rain  and  .'-traw  won*  wtM*^h('d 
Juit  no  account  wa.s  taken  of  th«»  stui>))i<'  wiiicli  wa.^  left  in  tlic  Held. 
TIh*  amount  of  crop  here  jriven  docs  not  reprc.*.cnt  the  drv  matter,  sn 
I  lie  results  in  this  tahle  are  in  no  wav  comi)arahle  with  those  iriven  l»v 
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King,  cited  above.  The  amount  of  water  per  pound  of  crop  varies 
with  all  the  conditions  affecting  the  duty  of  water,  and  with  all  the 
conditions  affecting  the  yield  of  crop  as  well.  It  simply  shows  the 
amount  of  water  used  and  the  yield  obtained  as  the  crops  are  usually 
taken  from  the  field  by  the  farmer.  With  large  yields  from  sod  land, 
which  requires  a  large  amount  of  water,  the  number  of  pounds  of 
water  applied  for  each  pound  of  grain  harvested  is  very  large,  being 
about  ten  thousand  to  one  in  some  instances;  while  with  potatoes, 
which  produce  large  crops  with  little  irrigation,  the  amount  of  water 
is  as  little  as  81.1  pounds  for  each  pound  of  crop.  The  average  of 
four  measui'ements  of  alfalfa  shows  1,385.2  pounds  of  water  for  eiich 
pound  of  cured  hay;  eight  measurements  of  barley  show  3,659.8 
pounds  of  water  for  each  pound  of  threshed  grain;  eighteen  measure- 
ments of  oats  give  4,107.4  pounds  of  water  for  each  pound  of  gi*ain; 
six  measurements  of  potatoes  give.  273.3  pounds  of  water  for  each 
pound  of  marketable  potatoes;  and  fourteen  measurements  of  wheat 
avemge  4,854.3  pounds  of  water  for  each  pound  of  grain. 

It  will  be  observed  that  there  is  a  limit  to  the  volume  of  water 
which  can  be  used  to  advantage,  beyond  which  it  is  an  injury  to  both 
land  and  crop.  With  alfalfa  the  largest  yield  was  obtained  with  the 
least  water  per  pound  produced,  and  the  same  is  true  in  several  cases 
with  the  grains  and  potatoes.  However,  it  will  be  found  in  the  results 
recorded  in  the  table  that  in  geneml  the  greatest  depth  of  water 
applied  to  the  crop  in  irrigation  nearly  corresponds  to  the  maxiumm 
yield,  except  in  the  case  of  grains  on  sod  land,  or  potatoes,  which 
received  little  irrigation. 

It  will  thus  be  seen  that  we  are  unacquainted  as  yet  with  the  amount 
of  water  necessary  to  produce  the  best  results  under  any  known  con- 
ditions. \Vith  too  little  water,  failure  of  the  crop  is  certain,  and  too 
nuich  water  is  often  injurious.  So  far,  we  have  Ijeen  able  to  obtain 
only  a  general  idea  of  the  amount  of  water  necessary  to  c^rry  on  suc- 
cessful agricultural  opemtions  and  produce  crops  which  give  larger 
average  fields  than  those  raised  under  rainfall.  Undoubtedly,  apply- 
ing water  to  the  plant  when  it  needs  water  and  not  forging  it  to  exist 
in  the  presence  of  water  in  excess  of  that  required  is  the  only  scientific 
way  of  producing  crops. 

WHEN  TO  IRRIGATE. 

The  question  of  when  to  irrigate  is  so  closely  related  to  the  water 
supply  and  its  consumption  that  it  merits  careful  consideration.  The 
time  to  irrigate  depends  largely  on  the  crop,  the  weather  conditions, 
and  the  soil.  Over  a  large  part  of  Wyoming,  where  meadows  are 
irrigated  for  the  production  of  hay,  it  is  the  common  practice  to  turn 
the  water  on  the  land  just  as  early  in  the  spring  as  it  can  be  run 


16 

througli  tho  (liti'hos.  Ordinarily  the  water  is  placnnl  on  the  meadows 
u}M>iit  the  middle  of  April  and  runs  continuously  until  about  the  mid- 
dl('  of  July,,  IxMujr  turnt'd  off  only  long  enough  Itefoi'c  mowing  to  allow 
the  land  to  dry  out  so  tho  wator  will  not  interfiM'o  with  the  work  of 
haymaking.  This  tiuH»  varies  in  dilforont  placvs  from  one  day  to  two 
w(M»ks  iK^forr  mowing  )M»gins.  One  farmer  has  stated  that  he  turns 
tho  wat<;r  off  his  moadows  the  day  he  heginS  to  eut  the  grass,  an.i 
deixMids  uiH)ii  the  land  drying  rtipidly  enough  so  the  moisture  will  not 
interfere,  with  euring  the  hay;  and  another  explained  that  he  had 
obtained  a  mowing  ma(*hine  which  would  cut  right  along  under  6 
inches  of  water. 

Various  reasons  are  given  for  turning  the  water  on  the  meadows  as 
early  as  ]M>ssi}>le.  A  nin(*hman,  who  niises  excellent  ci'ops  of  hay  on 
tlu»  Iiiinunie  plains,  states  that  th<»  water  dniws  the  frost  out  of  the 
soil,  softening  the  land  so  the  grass  can  make  an  early  start  and  pro- 
duce larger  gn)wth  than  when*  naturally  held  iMick  by  the  cold  wc»ather. 
Anoth(M'  ranchman  near  l^iramie  savs:  '"WIhmv  the  soil  is  covered 
with  alkali  (and  pnu^tically  all  the  lan<l  here  is  alkali  land)  the  whito 
incrustations  of  salts  int^M'fere  with  th(»  growth  of  grass  and  keep  the 
land  cold  bv  refl(»ctinjr  the  sun's  ravs.  If  the  wat(»r  can  ho  run  over 
the  land  enough  to  wash  off  th<*  alkali,  or  dissolve  it  and  carry  it  into 
the  soil,  the  grass  thickens  u\)  and  makes  a  good  crop/'  Whatever  the 
reason,  it  is  t'vichMit  that  the  ranchmen  of  Wyoming,  as  a  rule,  Ixdieve 
in  irrigating  native  hay  land  as  early  and  as  long  as  i>ossible,  and  all 
use  the  most  wat(»r  wIkmi  the  larg<»st  amounts  can  be  obtain<^l  from 
our  stn^uns,  which  is  during  May  and  «lune. 

The  tinie  to  irrigate  <'ultivatcd  crops  ran  not  l»e  delinitely  stated. 
Absolutely  no  working  rule  has  be(Mi  (liscov«»ri*d.  V]}  to  tht»  present 
time  farmers  liav«'  gt*ncrally  ap[)lied  wattM*  through  judgment  Inirn  of 
long  e.\|M*riene*',  rather  than  through  an  intelligi'nt  con«'eption  of  the 
needs  of  the  i)lant.  Often  th«»  one  who  irrigates  can  not  explain 
c'hMirly  how  he  knows  his  crop  is  in  nt^'d  of  water.  To  tht»  uninitiattni 
the  crop  may  )»e  apparently  thriving  and  the*  need  of  water  se(»mingly 
renioti*,  when  th«'  farmer  turns  tin  a  hea<l  of  watcM*  and  (1(k*s  not  rest 
dav  or  niglit  till  all  his  land  has  Imm'ii  watered.  Kvideiice  of  his  cor- 
re«'t  judgment  is  forthcoming  in  the  large  yields  which  till  his  gran- 
aries and  root  e(»llars.  Some  say  that  plants  tlo  not  n«'ed  irrigiiting 
until  they  show  signs  of  wilting,  but  for  mo>t  plants  this  would  be 
waiting  too  long.  'Ihecrop  would  n«'V«'r  fully  recover  its  stn^ngth 
and  vigor.  This  rule  may  be  applied  to  <'orn.  however.  whi<*h  is  ordi 
narily  said  iM»t  to  be  sutfering  so  long  as  the  wilted  leaves  straighten 
tmt  at  night.  Some  farmers  will  inform  vou  that  th«'v  discovcM*  when 
water  is  neetU'd  bv  the  color  of  the  plant:  but  this  is  not  an  altoircther 
safe  guide,  for  color  is  influenced  by  so  many  other  i-onditions  that  it 
ain  not  ht)  relied  upon  as  an  index  to  i\\o.  need  of  water.     More  Intel- 
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ligent  farmers  will  probably  explain  that  they  have  examined  their 
soil  and  know  from  experience  that  when  it  reaches  a  certain  condition 
of  dryness  their  crops  will  soon  suffer  unless  water  is  supplied.  Dr. 
Hilgard,  of  the  California  Experiment  Station,  states  that  this  ques- 
tioning of  the  soil  is  the  only  accurate  wa}'^  to  tell  when  irrigating 
should  be  done.  The  percentage  of  moisture  in  the  soil  in  which 
plants  of  different  kinds  flourish  best  is  not  known,  and  much  experi- 
menting will  be  necessar}'^  before  definite  rules  based  on  this  factor 
can  be  formulated.  That  there  are  periods  in  the  life  of  the  crop  when 
irrigation  will  be  especially  effective  can  not  l)e  doubted,  and  it  is 
equally  true  that  irrigating  at  the  wrong  time  may  do  more  harm  than 
gooci.  The  opinions  of  neighboring  farmers  in  regard  to  the  proper 
time  ma\'  vary  widely,  and  the  one  who  makes  the  closer  guess  reaps 
the  larger  crop.  To  illustrate — in  1898  a  question  arose  in  regard  to 
when  potatoes  should  be  given  the  first  irrigation.  The  opinion  of  old 
irrigators  differed  so  widely  that  it  was  decided  to  put  the  matter  to 
the  test.  A  part  of  the  potato  field  was  given  the  fii'st  irrip;ation 
July  7,  while  a  part  was  left  until  Jul}'  28  for  the  first  watering,  at 
which  time  the  potatoes  irrigated  on  July  7  were  given  their  second 
irrigation,  and  all  were  irrigated  again  on  August  4.  The  potatoes 
were  planted  in  rows  running  across  two  plats,  one  of  which  was 
plowed  in  the  ordinary  way.  The  other  plat  was  treated  the  same,  but 
had  been  subsoiled  in  the  spring  of  1896  to  a  depth  of  16  or  18  inches. 
The  potatoes  irrigated  twice  received  3.6  inches  of  water,  while  those 
irrigated  three  times  received  13.8  inches.  The  yields  of  marketable 
potatoes  per  acre  are  given  in  the  following  table: 

Yield  of  potatoex  with  two  and  three  irrigcUions. 


Irrigations. 


IrrigatcHl  twice 

irrigated  tiiree  times 

Increase 


Pounds. 
4.972 
8,759 


8,787 


PquiuIk. 
5,290 
8,591 


3,301 


Average 
yield. 


Founth. 
5,131 
8,675 


3.544 


This  table  shows  an  increased  yield  due  to  the  additional  irrigation 
of  over  76  per  cent  on  land  treated  in  the  usual  way,  and  of  nearly 
62.4  per  cent  on  subsoiled  land,  the  average  increase  Ijeing  over  69  per 
cent.  This  shows  that  with  potatoes,  at  least,  irrigation  should  not  be 
put  off  until  the  crop  begins  to  burn,  as  is  often  done  with  grain. 
Many  withhold  water  from  their  potatoes  until  the  young  tubers  are 
set,  in  order  not  to  stimulate  the  vines  into  forming  more  tubers  than 
will  grow  to  good  marketable  size,  while  others  try  to  irrigate  before 
or  at  the  time  of  setting  the  tubers.  No  experiments  are  at  hand  to 
show  which  of  these  two  methods  is  prei^ixabV^.^ 
17994— So.  81 2 


18 


TluM'o  is  iini(*h  (lifTeroncv.  in  tho  nuinlH^r  of  irrigBtion^  given  the  same 
kind  of  crop  in  ditfcront  places.  Kofcrence  to  the  tableis  and  charts  (pp. 
4<>  tT.)  giving  tht^  distribution  of  irrigation  water  through  the  seaHon 
.^h<.)ws  that  fivo  or  six  irrigations  are  not  uncommon  at  Wheat land« 
while  rarely  more  than  three  are  given  at  Laramie.  Some  soils  absorb 
h^ss  watiM'  and  I'otain  it  h^ss  tenwiously  than  others.  Bemuse  a  crop 
in  one  place  needs  irrigating  is  no  rcMison  a  like  crop  in  another  loca- 
tion neiHls  watiM*  at  the  sjune  timt»-. 

FALL    AND   WINTKK   IRKIiSATION. 

The  soil  it.s<»lf  may  Ix^  uschI  as  a  storage  reservoir.  The  possibility 
of  storing  wtxUyv  in  the  soil  is  )>e<*oming  better  understood  and  the 
pnictice  is  ra]>idly  lMH*oming  more  general.  In  parts  of  Kan.sas  it  has 
been  found  [K)ssibl(^  to  store  enough  water  in  the  soil  by  winter  irriga- 
tion to  mature  the  summer's  crops.  Th(»re  are  large  ranches  in  Wyo- 
ming with  a  limited  supply  of  water  on  which  the  irrigation  water  is 
systematically  spread  over  th(»  hay  land  in  the  winter  to  supply  moist- 
ure to  the  <  oming  croi).  Such  pnulic^e  enables  the  owner  to  double 
the  amount  of  meadow  from  whi<*h  he  (*4in  put  up  hay,  as  the  land  sup- 
\ii\wi\  with  moisture  in  the  winter  is  not  irrigiited  during  the  summer 
months  and  the  sununer  supply  is  used  on  sejNirate  areas. 

The  value  of  «'onserving  the  moisture  on  fruit  lands  by  mulches 
through  the  winter  has  long  Immmi  undei'stxMxl  and  is  widely  practiced, 
and  the  value  of  winter  irrigation  foron^hards  is  no  longer  questioned. 
In  the  arid  region  the  winters  are  long  and  dry,  there  is  no  continuous 
muh^h  of  snow,  and  the  orchardist  who  can  not  irrigiite  late  in  the  fall 
or  (X'casionally  through  the  winter  is  mifortunate. 

The  value  of  irrigating  alfalfa  in  the  fall  has  l>een  tested  by  the 
Wyoming  Kximriment  Station.  Alfalfa  irrigjited  late  in  the  season, 
October  2  and  3,  isiiri,  did  not  winterkill  as  badly  as  that  not  irrigated. 
The<iuantity  applied  can  not  be  stated  accunitely,  but  as  nearly  as  can 
})e  estimated  enough  was  used  to  cover  the  land  <*>  inches  deep.  The 
plants  which  were  fall  irrigjited  started  earlier  in  th(»  spring  and  made 
In'tter  growth,  at  one  time  b<«ing  4  to  T)  inches  higher  than  those  not 
so  irrigated,  and  the  dividing  lim»  mark<Hl  by  th(»  water  could  be 
trac(Ml  up  to  the  time  of  the  Hrst  cutting  in  lsti<>.  In  sjHtt*  of  the  fact 
that  evajionition  was  suiKcient  to  n»move  nc»arly  or  cpiite  all  of  this 
water  during  tin*  winter  months,  its  influence  was  felt  far  into  the 
next  growing  season. 

On  land  which  is  used  for  the  production  of  cultivated  <*rops,  where 
the  surfiu'e  soil  can  be  stirred  frequently  to  ])n»v<'nt  the  loss  of  water 
by  evaiK)i'ation,  winter  irrigation  is  far  mon»  ellective  than  on  giuss 
land.  In  parts  of  C'alifornia,  water  supplie<l  the  land  during  the  winter 
or  wet  season  is  often  suHicient  to  mature  cro])s,  though  they  may  not 
ivci'ivo  any  water  Iwtween  plant in*^  and  harvest in<r;.     In  such  \)laces 
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complete  and  continuous  cultivation  is  practiced  to  prerent  the  soil 
from  losing  its  store  of  moisture  through  evaporation.  Where  water 
is  stored  in  this  way  for  the  coming  crop  it  is  necessary  to  conserve 
the  moisture  by  continually  stirring  the  surface  to  form  a  natural  mulch 
which  will  prevent  evapoi-ation. 

WATEE  MEASUEEMEVTS  IS  WTOMIVO. 

CONDITIONS  T7NDEB  WHICH  THE  MEASTTBEKENTS  WEBE  MADE. 

Historical  and  general, — A  brief  account  of  the  conditions  under 
which  the  water  measurements  reported  in  the  following  pages  were 
made  is  thought  advisable,  as  it  will  help  the  reader  to  a  better  under- 
standing of  them.  Without  some  information  of  the  locality  in  which 
measurements  are  made,  the  general  conditions  of  the  soil  and  climate, 
and  the  methods  and  instruments  used,  a  clear  idea  could  not  be  obtained 
of  the  manner  in  which  the  final  results  were  reached.* 

Measurements  of  the  water  used  on  the  station  farm  have  been  made 
at  Lammie  since  the  spring  of  1891,  and  a  series  of  measurements  were 
made  at  the  substation  at  Wheatland  in  1891  and  1893.  Some  meas- 
urements to  determine  the  duty  of  water  were  made  at  Wheatland  in 
1889,  under  the  direction  of  the  Territorial  engineer,  Elwood  Mead, 
and  as  they  are  closely  related  to  the  subsequent  measurements  made 
by  the  station  at  that  place  the  results  are  used  in  this  report.' 

The  irrigation  experiments  at  the  station  have  been  carefully  made. 
The  water  has  been  economically  used;  the  irrigator  has  always  pre- 
vented the  water  from  going  to  waste,  so  far  as  possible,  and  confined 
the  measurement  to  the  special  plat  under  investigation,  in  order  to 
determine  duties  for  each  crop  separately.  It  was  thought  that  a  series 
of  measurements  of  the  water  actually  used  by  farmers  in  their  ordi- 
nary practice  would  be  of  value  for  comparison.  In  fact,  it  was 
believed  that  the  making  of  such  measurements  was  the  only  way  to 
find  out  how  the  water  supply  is  actually  being  used,  and  such  infor- 
mation is  necessary  before  we  can  point  out  where  change  in  present 
irrigation  practice  is  feasible  or  desirable.  To  gather  this  kind  of 
information,  a  measuring  weir  and  register  were  placed  in  1898  oft  a 
farm  situated  on  the  open  plains,  16  miles  from  Laramie,  under  the 
Pioneer  Canal.  The  soil  is  a  loose  gravel  extending  to  a  depth  of 
about  10  feet,  and  on  ae<30unt  of  the  natural  drainage  requires  large 

*  It  has  been  the  privilege  of  the  writer  to  plan  and  carry  out  the  irrigation  investi- 
gations at  the  Wyoming  Experiment  Station  since  it  was  established  in  1891.  The 
farm  was  then  platted  and  ditches  so  constructed  that  all  the  water  used  in  irrigating 
could  be  accurately  measured. 

'The  duties  determined  at  Wheatland  in  1891  and  at  Laramie  in  1891  and  1892 
were  reported  in  Bulletin  8  of  the  Wyoming  Experiment  Station.  These  results  are 
also  reporteil  in  thifl  bulletin,  Imt  with  the  above  exceptions  none  of  the  measure* 
ments  used  in  the  preparation  of  this  report  have  V>eeti\v^T^\xAQtfe\«5M«^^<^. 
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anioiiiits  of  wiitpr.  Tho  owner  of  thn  farm  used  the  water  exactlr  as 
hr  would  otherwise  havo  done,  iiiid  W(»  secured  trustworthy  measure- 
UHMits  of  the  water  so  used. 

Th<'!  oxixM'iinent  fanu  is  situated  2  miles  west  of  I^raiiiie,  under  the 
rioiKMT  (  anal.  The  land  s1oih»s  toward  the  east,  with  a  grade  of  from 
;5  in('lH»s  to  1  foot  to  HM.)  feet,  but  the  soil  does  not  wash  badly  even 
wh«M-e  the  sIojm*  is  jrn»atest.  The  soil  is  a  sandy  loam  from  16  or  18 
inches  to  ov<»r  5  fe(»t  de<»p,  and  the  greater  part  of  the  farm  is  under- 
laid with  trypsuni  an<l  ear]K)nate  of  line,  and  with  sandstone.  The 
soil  is  stiekv  when  w<»t  and  of  siieli  t*onsisU»nev  that  it  is  difficult  to 
make  a  \Ao\\  seour  in  it  at  any  time  unless  it  is  very  dry.  The  i*oil 
absorbs  water  readilv,  and  seems  to  retain  the  moisure  ))etter  than  most 
open  and  loose  soils  in  this  region.  The  altitude  of  the  station  farm  is 
about  7.2<M)  feet;  it  is  situat(*d  on  the  oi)en  plains  without  protection  of 
any  kind,  and  the  drying  winds  (»f  winter  an<l  spring  leave  the  soil  with 
litth*  moisture  unless  it  is  irrigat<»d. 

Th(»  growing  season  is^'ompanitively  short;  usually  frost  is  out  of  the 
grountl  so  ])lowing  can  be  done  by  April  10.  Spring  frosts  of  greater 
or  less  severity  may  be  expi'cted  up  to  June  1,  and  a  light  early  frost 
about  August  20.  though  killing  frosts  may  hold  off  until  September  10 
or  20.  On  account  of  the  short  season^  only  thos(»  crops  can  be  suc- 
cessfullv  niiscd  which  can  stand  a  few  detrrct^s  of  frost  after  the  seed 
is  sown  in  the  spring. 

Tin*  farm  upon  which  uieasurements  w(»re  mad(»  at  Whe^itland  is  at 
an  altitude  of  alnuit  4,700  f(M't:  the  soil  is  much  liki^  that  at  Ijaramie, 
though  it  is  dt»ep<M'  and  ])robai)ly  <*ontains  smaller  amounts  of  gypsum 
and  alkali  salts.  The  land  has  a  gentle  slo|x%  which  makes  it  irrigate 
well.  It  is  on  the  optMi  plains  with  no  prott^'tion  from  the  winds,  but 
the  sciisou  is  long  and  killing  frosts  often  hold  otf  in  the  fall  until  as 
late  as  the  middlt*  of  October. 

The  meth<Mls  of  applying  watc»r  us(»d  have  Iwen  flcxMling  and  furrow 
irrigation.  As  a  rule  gniins  and  grass(»s  an*  irrigated  by  flooding,  and 
potatoes  and  oth(»r  root  and  gJirdcMi  crojis  by  th<'  furrow^  method.  In 
some  of  our  exjM'rimenls  grains  were  raised  in  rows,  planted  twice  as 
far  aimrt  as  the  ordinary  drill  row*.  Tht\se  grains  havi*  Ikh'u  irrigated 
in  small  furrows  }M'twe«'n  th<'  rows  and  otherwise  cultivated  as  hoed  , 
crops.  An  (»xpert  Irrigjitor  will  handle  a  large  hea<l  of  water  with 
either  of  thest*  nu^thods,  without  allowing  appreciable  wast;<». 

A  second  weir  was  place<lon  the  lowest  point  of  the  farm  at  I^ammie 
to  nn-asure  the  waste  water,  but  so  little  escaped  that  tlie  How  over 
a  i-foot  weir  was  too  small  to  be  accurately  determined,  and  such 
measur<*in(»nts  were  discontinued. 


21 


Precipitation  and  evaporation, — ^The  precipitation  and  evaporation 
of  the  region  in  which  the  measurements  were  made  as  observed  at 
Laramie  since  189.1  are  shown  in  the  following  table: 

PrecipUalion  and  evaporation,  Laramiej  Wyo. 


1891. 

1892. 

1893. 

1894. 

Month. 

Rainfall. 

Evapo- 
ration. 

Rainfall. 

Inches. 

0.01 

.36 

.62 

.19 

1.16 

3.97 

2.22 

.14 

Trace. 

3.96 

Trace. 

.20 

Evapo- 
ration. 

Rainfall. 

Evapo- 
ration. 

Rainfall. 

Evapo- 
ration. 

Januarv  

Inches. 
0.70 

.375 
1.50 

.26 
2.92 

.91 
1.20 
1.76 
1.80 

.30 
1.095 
1.11 

Indies. 

Inches. 

Inches. 
Trace. 

0.11 
.29 
.32 
.33 
.M 
.34 

1.08 
.39 
.28 
.06 
.10 

Inches. 

IncJwJt. 

0.03 

,10 

.29 

1.51 

.42 

.64 

1.41 

1.26 

1.60 

.09 

.05 

.23 

Indies. 

Febmarv 

March        .... 

(a) 
c  0.562 
4.801 
7.8*4 
9.352 
6.686 
6.016 
2.886 

April 

el.  59 
8.23 
9.19 
8.27 
6.10 

£71.60 

d0.906 

May 

6.06 

June 

7.492 

julv 

/4.421 
8.59 
6.04 
3.72 
A.  926 

6.69 

Au^ist. , 

6.276 

Senteniber 

6.436 

Ocl<)b'»r 

3.306 

November 

December 

Total 

13.92 

22.70 

12. 73 

34.88 

3.84 

38.087 

7.63 

37.166 

Total  precipi- 
tation    for 
May,   June, 
July,    and 
Au^st 

6.79 

7.49 

2.29 

3.73 

1895. 

1896. 

1897. 

1898. 

Month. 

1 
Rainfall. 

Evapo- 
ration. 

Rainfall. 

Inches. 

0.44 
.17 
.69 

3.53 
.48 

1.72 

1.66 
.89 

1.16 
.18 
.09 
.00 

Evapo- 
ration. 

Rainfall. 

Evapo- 
ration. 

Rainfall. 

Evapo- 
ration. 

January 

Inches. 

0.06 

.14 

.43 

.87 

2.09 

2.12 

2.71 

1.17 

.18 

.74 

.32 

.33 

Inches. 

Inches. 

Inches. 

0.39 
.16 

3.97 
.55 

1.86 
.72 

1.29 

1.11 
.32 
.66 
.33 
.76 

Inches. 

Inches. 

0.05 
.01 
.40 

1.26 

1.88 
.90 
.65 

1.16 

Trace. 

.48 

.61 

.23 

Indies. 

Febniarv 

March 

April 

7.334 
6.236 
7.294 
6.066 
4.»i4 
2.616 

cl.80 
7.43 
7.73 
7.00 
7.33 
4.84 
f7i4.38 

J  3. 44 
4.60 

Mav 

June 

1.79 
8.34 
6.09 
4.84 
12.00 

it  10. 33 

July 

8.37 

Aufiru8t 

6.93 

Seotember 

5.68 

Oct<>ber 

n2.06 

November 

December 

Total 

11.18 

37.02 

10.91 

29.06 

11.99 

40.51 

7.63 

41.40 

Total  precipi- 
tation    for 
May,   June. 
July,    and 
August 

8.09 

4.75 

4.97 

4.59 

oFrom  October  1. 1892,  to  October  1,  1893,  evaporation  was,  apparently,  46.305. 
6  Evaporation  between  November  11, 1891,  and  May  24.  1892,  was  9.69  inches.    Liable  to  consider- 
able  error. 

c24th  to  30th.  i  17th  to  30th. 

d  26th  to  30th.  i  15th  to  30th. 

c24th  to  31st.  *  An  exceptionally  dry  and  windy  month. 

y22dto31st.  nstU)22d. 

a  1st  to  10th.  TO  1st  to  26th. 

h  1st  to  11th.  n  1st  to  15th. 

Although  the  rainfall  is  small  (averaging  9.95  inches  for  the  eight 
years)  its  distribution  through  the  year  is  most  favorable  for  crops. 
The  month  of  heaviest  rainfall  is  usually  May  or  June,  and  enough  is 
generally  obtained  early  in  the  season  to  insure  germination,  so  the 
crop  can  begin  its  growth  without  being  irrigated.  There  are  serious 
objections  to  irrigating  after  the  seed  has  b<i^w  \bQ^\v^  \r>  \s^\x!w^'Csas^ 
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phuits  up,  as  tho  crop  rarely  fully  recovers.  Where  the  soil  is  too  dry 
to  insure  proper  ijferinination  it  should  be  irrigate<l  before  plowing  or 
at  loiist  before  ))laiiting.  In  the  ta})lc  the  annual  precipitation  and  the 
amount  for  four  months — May,  June,  July,  and  August,  the  arbitrary 
irritnitinjr  s(»ason  here  adopted — are  jjiven;  a  mean  of  5.83  incheii  has 
fallen  durint^  thesi*  months,  which  is  very  nearly  ii-k  \yQ.r  cent  of  the 
annual  i)r(M-ipitation.  The  avenige  here  ^yiven  for  eijjht  years  is  prob- 
al)ly  Im'Iow  the  normal  for  Ltimmie,  iis  that  of  Ls;)8  was  unusually  small, 
not  onl/  ;it  Lir.imie,  but  over  the  whole  eastern  part  of  the  State.  It 
may  Ur  rem;irk«»<l  ln»n»  that  wat<»r  faih'd  in  the  Pioneer  Canal  early  in 
that  season,  and  tlu^  minfalL  In'in^  so  small,  was  insufficient  to  carry 
the  plants  throuijfh,  so  <^en(»nil  failure  of  eroi)s  on  the  ex][)en men t  farm 
result«»d  in  lsi»;5.  As  already  st at ed«  the  ^ rowing  season  at  the  high 
altitude  of  Lanunit*  is  <*om)Nirativ<*ly  short,  and  any  cause  which  delays 
the  tinu'  of  maturity,  even  a  fi»w  davs,  mav  1m»  fatal.  A  heavv  rain 
when  the  erop  llrst  HMjuires  water  may  preclude  the  necessity  of  irri- 
jifatin^^  for  one  or  two  wei'ks,  and  its  ell'ect  upon  the  amount  of  irriga- 
tion water  iieede<l  t«)  mature  the  crop  is  appariMit.  Without  con- 
siderintif  th(*  rainfall  in  each  case,  a  clear  uiuU'rstandin*^  (*ould  not  be 
obtaint*d  of  the  duti(*s  of  water  reported,  so  «^r(»at  can»  has  l)een  taken 
to  ac<'unitely  report  precipitation  in  connc^ction  with  the  tables  of 
duties. 

The  evaporation  is  heavy  over  the  lar*jfer  }>art  of  the  arid  region, 
and  while  we  have  not  Im'cii  able  to  measure  the  evaporation  accurately 
for  the  entire  vear,  it  has  been  carefullv  ol)served  for  the  setison  when 
thi»  water  was  not  frozen.  The  measurements  of  eva)>oration  were 
made  from  a  piivanized  iron  tank  of  1  cubic  meter  capacity  set  into 
the  fi-round  even  with  tin*  surface.  The  water  was  accurately  meas- 
ured (Mich  day  by  na>ans  of  a  hook  ^ui^e,  and  the  tank  was  tilled 
from  time  to  time  i«>  ke(>p  the  watei*  near  the  t(»p  m)  that  eva)X)ration 
would  not  be  iniluen(*ed  by  rct]e<'tions  of  heat  from  tht>  si(l(*s  of  the 
tank. 

Observations  from  Octolwr  1,  1«^I»*2,  to  ()ciob«*r  1,  lsi):i,  indicated 
that  till' total  l<»ssfrom  wati'rsurface<lurinjr  the  warm  months,  together 
with  tiiat  from  snow  and  i<'e  in  the  tank  diirint:'  the  eold  months,  was 
oviM*  l«I  inches,  and  other  observations  since  that  time  indicate  that 
tlx'  annual  eva))oration  will  ran^fe  from  this  amount  to  a^  nuich  as  t>() 
inches.  In  sintfle  months  which  are  dry  and  windy  durinj^^  the  grow- 
ing seas<»n.  evai)i>nit  ion  of  from  7  to  lo  inches  is  not  unct»mmon.  For 
the  year  evaiH>ration  from  water  surface  amount>  to  four  or  live  times 
the  amount  of  niinfalU  and  in  sinj^le  months  it  mav  i»e  twentv-tive  or 
thirty  times  the  amount  of  wat4M*  supplied  l)y  precipitation.  Tln^  loss 
from  streams,  ditches,  and  reservoirs  in  the  arid  i"e«ri(»n  from  this  cause 
is  (Miormous.  A  loss  of  -I- f(*et  from  a  reservoir  or  ditch  coverinjr  1 
iniuuvr  mile  of  surface  m(»ai\s  th**  disappearance  of  enouj^h  water  in  a 
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year  to  irrigate  over  a  thousand  acres.  ^  Many  soils  retain  moisture 
for  a  longer  period  of  time  than  it  would  take  the  same  amount 
of  water  to  evaporate  from  water  surface.  Their  ability  to  retain 
their  moisture  depends  upon  chemical  and  physical  characteristics. 
As  Hilgard  has  pointed  out,  soils  which  contain  large  amounts  of 
alkali  salts  always  appear  more  moist  than  surrounding  soils  upon 
which  salts  have  not  accumulated.  Unfortunately  few  observations 
on  evaporation  from  soils,  which  will  apply  to  arid  conditions,  are 
available. 

UNITS  OF  MEASUREMENT. 

That  the  measurements  here  report<3d  may  be  fully  undei^stood  ]>v 
those  who  are  unacquainted  with  irrigation,  the  following  brief  defi- 
nitions of  terms  are  given: 

In  measurements  to  determine  the  supply  in  streams  and  the  amount 
used  in  irrigation  the  second- foot  is  universally  adopted.  The  second- 
foot  is  the  flow  of  1  cubic  foot  of  water  for  each  second  of  time  and 
is  a  most  convenient  unit,  ciisily  reduced  to  any  of  the  terms  in  which 
quantity  of  water  is  expressed.  It  amounts  to  approximately  62.5 
pounds  or  7.8  gallons  each  second.  One  cubic  foot  per  second  continu- 
ous flow  for  12.1  hours  equals  1  acre-foot,  i.  e.,  enough  to  cover  1 
acre  1  foot  deep,  or  43,560  cubic  feet. 

Over  perhaps  the  largest  part  ot  the  irrigated  region  of  the  West 
the  unit  of  measurement  into  laterals  from  canals  is  the  ^'miner's 
inch."  This  unit  is  supposed  to  represent  the  amount  of  water  flow- 
ing through  an  aperture  1  inch  square  under  conditions  defined  by 
law.  Usuall}^  the  opening  is  so  placed  that  there  is  a  certain  depth 
of  water  above  the  opening,  known  as  the  pressure  head.  In  some 
places  the  wat^r  is  measured  to  users  with  no  pressure  head;  in  other 
places  a  pressure  of  4  inches  is  given,  and  in  still  othei's  a  pressure  of 
6  inches.  In  point  of  fact,  there  is  little  uniformity  in  the  use  of  the 
miner's  inch,  and  there  is  a  corresponding  variation  in  its  value.  There 
are  two  forms  of  the  miner's  inch — the  California  inch  and  the  Colo- 
rado inch — which  differ  in  value.  Fiftv  California  miner's  inches  is 
equal  to  1  second-foot,  while  38.4  Colorado  inches  is  equal  to  1  second- 
foot.  In  actual  practice  the  methods  of  measuring  out  the  miner's 
inch  probabU'  cause  variation  in  the  amount  of  water  greater  than  the 
difference  in  size  of  the  Colorado  and  California  standards.  Without 
a  complicated  device  it  is  diflBcuit,  if  not  impossible,  to  control  the 

*  An  article  was  published  in  tlie  Monthly  Weather  Review  for  September,  1888, 
giving  a  large  number  of  determinations  of  evaporation  through  the  year  in  various 
parts  of  the  United  States.  In  general,  the  evaporation  was  less  than  the  rainfall  in 
the  humid  Statey.  The  smallest  evaporation  recorded  was  18.1  and  19.1  inches  on 
the  North  Pacific  coast.  The  maximum  amounts  were  101.2  inches  at  Fort  Grant; 
100.6  inches  at  Keeler;  and  95.7  inches  at  Yuma,  on  the  Southern  plateau.  At  Fott 
Custer,  Mont.,  it  was  52  inches*;  at  Cheyenne,  l^.h\  «iTv<i  «lV,\>^wn^x^^\\\v^^«^« 


24 

(It'l)tli  of  water  ji}m)vi»  tin*  oiM'iiiiij^,  mid  siimll  vjiriutlons  in  this  pressure 
\u'iu\  \)Vnd\u'v  ap])n*('ia)>lt'  ditnMH'iK'os  in  the  amount  flowing  through 
tht'  <»|)**ninir.  In  (  alifornia  tho,  duty  of  wator  isoftrn  oxpro.ssed  in  the 
iuiiiiIm'i-  of  acrrs  for  whirh  L  inrli  continuous  ilow  is  sufKriont,  iis  state- 
nirnt^  ar»"  oft4'n  nn-t  that  I  inch  is  suHii'ii'iit  fi>r  ."►,  s,  1<»,  or  13  uorcH. 

HOW  THE  MEASUREMENTS  WERE  MADE. 

Mca-un*i;icnl^  of  wat4'r  an*  of  litth'  or  no  vahn»  unUvss  thov  arc  acca- 
rattly  niadi*.  Thrn'  ar*'  two  nH'th<»(ls  of  making  trnsl worthy  iiieas- 
urrnirnt^  in  common  use.  That  usually  ado))tc(l  in  mi'asurin^  stn^aiiiM 
i>  to  (»l»tain  tin*  vchu-jtv  of  the  current  in  fci't  iK*r  second  hv  moans  of 
an  instrument  desio-ncd  for  the  purpose,  and  multiply  the  vel<H>ity  J>y 
tlu'  area  t)f  the  crovs  >ection  of  the  stream  in  square  feet,  which  gives 
tin-  numher  of  4'ulne  feet  llowinvr  hv  in  each  si«cond  of  tinu*.  An 
a]>])ropriat(»r  in  Wyoming  is  required  to  ])lace  a  l»ox  in  his  ditch  in 
which  the  I'ross  >ectit»n  of  tln'  stn^am  can  he  ea^ilv  determined  and  the 
velocity  measured  at  anv  time.  In  order  to  obtain  a  continuous  rer- 
or<l  we  nmst  furni>h  an  in^^trument  whi<'h  will  record  the  time  of  flow 
and  lluctuatioii^  in  dcpili.  in  which  ca^e  it  i-^  necessary  to  know  from 
actual  determination  the  aviM'aLfe  V4*locitv  of  the  stream  for  each 
depth,  if  tlu're  i-.  nmch  ri>e  and  fall.  Wln're  then*  is  mm'h  stMlinient 
in  the  water,  or  wIhtc  tln'  conditions  are  .NU4*h  that  a  measurinj^^  weir 
can  not  he  located,  the  amount  of  water  use<l  can  he  (h'terminod  with 
such  a  Im>\  and  recording;  in.struinent. 

All  tht>  mcasurcnuMits  made  hy  the  \Vyomin<r  station  and  rc^i)ortcd 
in  this  huHetin  were  made  <»ver  a  wi'ir.  which  <loes  awav  with  the 
ne<M'ssity  of  makin<^(h'terminations  of  avi'ni^e  v(d(M'ities  of  the  stream. 
Tin*  Cippoh'tti  traiM»zoidal  wi'ir,  in  whi<*h  tin*  sides  are  inclined  at 
one-fourth  h<»ri/ontul  to  one  vertical,  was  adopted,  in  onh^r  to  fultill 
the  conditions  necessjiry  for  a<M-urati»  measurement,  larjr*'  hoxes  G  feet 
Mpiare  and  I<  ft'ct  <hM»p  wen'  <*onstructed  (IM.  I,  lijr.  1).  Thi»  water 
from  the  lateral  runs  into  the  rear  (>nd  of  the  hox  and  out  over  the 
weir,  which  is  placed  in  the  forward  end.  A  notch  for  the  weir  is 
made  in  the  middle  of  a  wide  Itoard  which  tits  into  the  end  of  the  box 
l)etween  cleats,  like  a  irJt<<*.  •'^'^  i*  *"it>  easily  !>«'  removed  and  a  t)oai'd 
with  ditlerent  IcUL^'th  of  weir  usi*d.  if  n4'e(h'd.  This  is  found  con- 
venierit.  as  tiie  depth  of  the  wati'r  llowinj/  over  the  weir  sluadd  not  he 
less  than  '\  iiK'hi's  nor  nion*  than  on«'-tliird  tiic  h'ujrth  of  the  weir. 
Then,  if  a  larire  head  of  water  is  needed  in  tln'  irri«ration.  a  lon«r  weir 
inav  he  used,  and   if  onlv  a  small   head  i>  retiuired  a  shorter  weir  is 

•  •  I 

suhstituted.  whii'h  arnint^einent  mav  oft4'n  over«-omc  >our<*es  of  error 
in  the  measurem«*nts.  To  j^ive  sharp  edt^es  to  the  sides  and  crest  of 
weir  usi»d,  strips  of  j^alvtuiizcMl  iron  were  scri'Wi'd  onto  the  side  from 
which  the  water  came,  h'avinj,'  the  crest  (»r  l)ase  of  the  weir  12,  18,  or 
ji4r  inches  lontf 
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This  form  of  weir  has  two  important  advantages  over  the  rectangu- 
lar weir  in  which  the  sides  are  vertical.  In  weirs  of  different  lengths 
the  discharges  are  proportional  to  the  lengths,  i.  e.,  the  amount  of 
water  flowing  over  a  2-foot  weir  will  be  twice  that  flowing  over  a 
1-foot  weir,  with  but  a  small  error,  the  depth  remaining  the  same,  and 
the  slope  of  the  sides  is  such  that  no  coeflicient  for  end  contractions 
need  be  used  in  the  formula,  which  makes  the  computations  much 
easier.  The  formula  for  computing  the  (juantity  of  water  running 
over  the  trapezoidal  weir  is  D  =  3.3|  L  Hs,  in  which  D  equals  the 
discharge  in  (•ul)ic  feet  per  second,  L  is  the  length  of  the  weir  in  feet, 
and  H  equals  the  depth  of  the  water  flowing  over  the  weir  in  feet. 

A  wattu*  register  is  used  to  give  a  record  of  the  time  the  water  flows 
over  the  weir  and  its  depth.  The  water  register  consists  of  a  clock 
to  keep  the  time,  a  cylinder  or  disk  upon  which  the  paper  which  is  to 
receive  the  record  is  placed,  and  a  float  in  the  water,  either  attached 
to  the  cylinder  or  a  marking  pen  to  record  all  variations  in  the  depth 
of  the  water.  The  clockwork  mav  either  turn  the  cvlinder  and  the 
pen  be  moved  lengthwise  of  the  cylinder  as  the  float  rises  and  falls,  or 
the  pen  may  be  propelled  by  the  clockwork  and  the  cylinder  revolved 
forward  or  backward  by  the  changes  in  height  of  the  float.  It  would 
seem  that  so  simple  an  instrument  could  be  manufactured  at  small 
cost,  but  the  accuracy  required  in  these  instruments  renders  any  so- 
oalled  cheap  register  yet  devised  of  little  value.  We  have  used  sev- 
eral different  patterns  of  water  registers.  The  first  instrument  used 
by  the  Wyoming  Station  was  the  Wyoming  nilometer,  designed  by 
Elwood  Mead  (PI.  II).  This  instrument,  which  has  given  very  satis- 
factory results,  consists  of  a  vertical  cylinder  turned  by  a  clockwork 
at  the  top  and  a  pen  moved  up  and  down  by  a  float  attached  to  a  line 
running  over  a  pulley.  A  new  register,  also  designed  by  Elwood 
Mead,  for  the  irrigation  investigations  of  the  Office  of  Experiment 
Stations  of  the  U.  S.  Department  of  Agriculture,  is  now  used  in  mak- 
ing water  measurements  on  the  Wyoming  Experiment  Station  farm 
(PI.  I,  fig.  2).  In  this  the  cylinder  is  placed  horizontall}'^,  and  is  turned 
by  a  line  passing  around  one  end  and  attached  to  the  float,  while  the 
recording  pen  is  caused  to  travel  along  the  cylinder  by  clockwork. 
For  a  number  of  years  we  used  a  cheap  register  designed  by  D.  A. 
Carpenter,  in  which  the  record  is  miade  on  a  dial  turned  by  the  clock. 
The  chief  objection  to  this  instrument  is  the  amount  of  work  required 
to  compute  the  records.  A  very  good  instrument  is  made  in  Paris, 
France.  The  pen  describes  an  arc  lengthwise  of  a  cylinder,  which  is 
turned  by  the  clock.  The  records  on  the  register  sheets  which  accom- 
pany this  instrument  are  based  on  the  metric  system. 

In  using  any  register  it  is  important  to  see  that  the  clock  is  always 
in  order  and  keeping  good  time,  and  the  base  line  on  the  record,  which 
is  the  line  corresponding  to  the  height  of  crest  of  tk^  ^^vt^\s\\ii&\.Vji<^ 
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rurcfully  l(N-at<'d  on  each  shoot.  Tlio  float  nmy  change  in  bnoyaiicyor 
tho  lino  from  thofloatto  tliooylin(loror)N*n  may  stretch  or  slip.  With 
an  Ih-inrh  \v(»ir  an  orror  of  ono  twonty -fifth  of  an  inch  in  reconling 
th«'  (loptli  of  tho  wattM-  may  cause  an  appii-iMablo  error  in  the  coni- 
puto<l  iimount.  A(*ciinitoIy  dotorininimj^  tho  )K>int  on  the  record  sheet 
which  corn\s|>on(ls  to  tlio  crost  of  tho  woir  is  more  difficult  than  it  at 
tirst  apiMMirs.  When  tho  \vat<*r  is  hi^h  onoujLj^h  in  the  weir  box  to  begin 
ninnin<;  ovor  tli(>  crost  of  tho  woir  tlio  |N'n  will  he  above  the  true  base 
lino,  hr(*aus(*  thosiirfac<'  tiMisionof  tlio  water  oiiiso.s  it  to  pile  up  in  front 
of  tho  woir  and  lift  tlu^  float  an  approcia))h^  amount  l>cfore  the  water 
will  run  ovor  tho  sharp  woir  crost.  A  |KMnt  on  a  level  with  the  cre^t 
of  the  woir  should  ho  lo(>atod  noar  tho  float  which  i.s  attached  to  the 
rojristor.  and  wln'ii  th<'  water  roaches  this  )H)int  the  position  of  the  pen 
will  iiidirjiti*  tho  true  }»asi»  lint*  on  tho  roconl  shoot.  We  have  found 
a  simple  device  to  indicate  th(*  base  line  at  any  time  a  most  convenient 
and  vahiaMe  addition  to  tho  ret^istors  in  use,  and  one  has  bi^en  made 
which  will  be  incor|H>ratod  in  a  ni»w  water  rejrister  which  lias  lieen 
planned  for  the  Wvoinin*;  Station.  A  second  float,  to  which  a  vertical 
r<Ml  i-i  attached,  was  jjiaeed  in  tht»  weir  l).)X.  On  this  rod  was  placed  a 
scale  with  a  s«'t  screw  to  fasten  it  at  anv  heijrht  (h»siri»<l.  When  the 
water  in  the  weir  i)ox  roai'ln^d  tin'  lieij^ht  of  the  cn»st  of  the  woir  the 
zero  point  on  tlir  scale  attached  to  th<*  rod  was  sot  to  corresixmd  with 
a  |M'rmanent  i)oint  lixi'd  in  the  re<rister  box,  after  which  tho  depth  of 
tln'  water  flowinjr  over  the  weir  could  l»e  rojid  at  a  glance  at  any  time 
and  ehocko<l  on  the  record  sheet. 

COMPUTINO  THE  RECORDS. 

The  lirst  stej)  in  4'oinputini^  re<'t»rds  is  todet«'rniin4»  tin*  depth  re<'orded 
and  the  lent^th  of  time  the  water  ran  at  csich  depth.  Small  variations 
of  h'ss  than  an  inch  mav  l>e  siv«'rajriMl;  l)ut  where  tln'ro  is  anv  con^jiidera- 
bh>  clianp'.  flowing  for  an  appreeiiible  length  of  time,  tho  flow  must 
bo  eomputed  for  su<'h  (iitferent  dei)ths  jind  times  si'panitoly.  On 
record  sluM'ts  wlu'n*  tlepth  has  been  recorded  ijy  tin*  i)en  moving^  in  a 
straight  line  up  and  down,  tin*  average  depth  f(»r  a  given  time  is 
easily  obtained  by  the  use  of  the  planimetei".  wliieli  gives  the  area  of 
the  figure.  Kn<»wing  the  area  and  the  i)a>e  of  the  tigure.  its  avoiiige 
altitude,  corrospdiiding  to  mean  dej)tli  of  the  water,  would  e<pial  the 
area  divided  by  tlu^  base.  The  tlow  in  cul)ie  feet  per  second  at  any 
depth  can  bo  obtained  by  applying  tin*  f«)rnnda  given  on  page  :i5,  or 
by  the  use  of  tables  which  have  lx»en  computed  foi"  the  purpose. 
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DTITY  OP  WATEB. 
DEFINITIOKS  AND  OENEBAL  COKSIDEBATIONS. 

What  is  meant  hy  the  duty  of  water. — The  duty  of  water  is  an 
expression  of  the  amount  used  to  irrigate  a  given  area.  The  great 
value  of  knowing  the  duty  of  water  lies  in  the  fact  that  it  furnishes 
a  means  of  determining  the  ratio  between  the  water  supply  and  the 
area  which  that  supply  will  bring  under  profitable  cultivation.  The 
duty  must  be  known  before  the  size  of  the  canal  which  is  to  carry 
water  for  a  certain  area  can  be  determined.  If  all  the  facts  regarding 
the  duty  of  water  for  the  crops  raised  were  known,  the  greatest  econ- 
omy could  be  secured  both  in  the  construction  of  the  necessary  works 
and  the  application  of  the  proper  amount  of  water  to  produce  the  best 
results. 

In  the  work  of  the  Wyoming  Station  the  crop  factor  has  always  been 
taken  into  account,  and  unless  crops  were  matured  the  measurements 
of  the  water  used  have  not  been  reported  as  duties.  In  1893,  when 
crops  at  the  station  failed  beca.use  of  the  dry  year  and  the  lack  of  water 
in  the  first  part  of  the  season,  the  measurements  were  not  reported 
as  duties  because  enough  water  was  not  used  to  accomplish  the  results 
for  which  irrigation  was  practiced.  Such  measurements,  if  reported, 
would  be  misleading,  as  they  would  in  no  way  represent  the  amount  of 
water  which  must  be  supplied  the  irrigator  in  order  to  enable  him  to 
do  profitable  farming. 

Terms  in  which  duty  is  expressed. — There  are  several  ways  in  which 
the  duty  of  water  may  be  stated.  The  usual  method  in  vogue  up  to  the 
present  time  has  been  to  give  the  number  of  acres  which  a  flow  of  a 
cubic  foot  per  second  will  irrigate.  This  depends  upon  the  length  of 
the  irrigating  season,  which  is  a  varying  factor.  The  length  of  the 
irrigating  season  usually  adopted  in  expressing  duty  is  four  months 
(May,  June,  July,  and  August)  or  one  hundred  and  twenty-three  days. 
Sometimes  ninety-five  days  is  used,  which  more  nearly  corresponds 
with  the  length  of  the  growing  season.  This  is  a  purely  arbitrary 
factor  and  one  which  causes  considerable  confusion,  as  it  does  not*  at 
once  convey  a  definite  idea  of  the  amount  of  water  used.  The  irrigat- 
ing season  is  not  necessarily  synonymous  with  the  growing  season, 
though  it  is  sometimes  understood  as  the  time  from  the  first  to  the  last 
iiTigation  of  a  given  crop.  In  case  of  winter  irrigation,  which  is 
acknowledged  to  be  a  good  practice  and  often  necessary  with  orchards 
and  where  the  soil  is  used  as  a  storage  reservoir  to  save  the  moisture, 
the  irrigating  season  would  cover  the  whole  year.  The  necessity  of 
adopting  a  given  length  of  time  for  all  crops  makes  the  expression  of 
duty  in  acres  per  second-foot  inaccurate.  In  the  opinion  of  the  writer 
the  better  method  of  expressing  duty  is  to  give  the  total  amount  used 
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]wr  nm*  for  *Mioh  crop.  This  may  Ik*  expressed  in  acre-feet,  op  what 
is  f>(iuiviil('nt,  in  tho  (iopth  to  whirh  the  water  lined  will  cover  the  land; 
or  atraiiK  in  tiu'  total  iiuinher  of  cubic  feet  uned  upon  an  aci'e  of  land. 
As  till'  amount  of  watt^*  is  so  intimately  assoc*iated  with  the  mnfall, 
it  sornis  that  the  total  depth  of  water  received  by  the  land  during  the 
M'asi>n.  l»oth  from  irri<:ation  and  rainfall,  with  information  of  the  rain- 
fall (liirintr  tlh*  rt'st  of  tho  y(*ar,  (jfives  a  more  definite  and  satisfactory'' 
idra  of  what  is  r(M|uinHl  Uy  each  crop.  In  thin  bulletin  the  duties  are 
c\pn\<<>c(|  in  the  several  ways  mentioned  in  order  that  a  definite  idea 
may  lie  ohtained  of  the  amount  of  water  used  and  that  these  duties 
may  In-  comiKired  w  ith  those  n»i)orted  by  other  writers. 

/>/////  nf  nuiti  r  i'^frttihf*,  -The  dutv  of  a  continuoiLs  flow  of  a  cubic 
foot  of  water  per  second  has  been  reiM)rted  for  differant  crops  and 
<lit[erent  places,  ranirin^  all  the  way  from  a  minimum  of  one-half  acre 
ill  France.  1  to  Is  a<-res  in  Italv.'  and  7  acres  in  California,*  to  a  niaxi- 
mum  of 'J/J( Ml  acres  in  Spain.  K.\ pressed  in  the  depth  to  which  the 
water  would  rover  the  land,  this  ^ivesa  nnninuunof  Ieis8than8  inches 
and  a  maximum  of  1.1(H)  fe(*t  in  a  year.  In  one  case,  where  scwafpe 
was  usi'd  for  iiri^ation  on  sandy  and  j^nivelly  soil  near  Paris,  enough 
was  supplied  (lurin;^^  the  >eason  to  cover  the  land  to  a  depth  of  38.3 
feet.' 

Tin'  duty  determined  >o  far  in  NVvomint''.  calculated  on  the  basis  of 
one  hundred  and  twenty -three  days  a>  the  irri^itin^  season,  varies  with 
ditlerent  <'rops  and  in  dilferent  years  from  05  acres  with  native  hay  to 
lM).s  acres  with  potatot's. 

The  duty  of  wattM*  is  sensitive  to  many  modifyinjj  conditions.  It 
varies  with  the  i'haracter  of  the  soil  and  the  subsoil;  with  the  slope  and 
thesmoothiH*s>  of  the  land:  with  the  amount  of  land:  with  the  length  of 
time -the  soil  has  Immmi  i-ultivated  and  irrigated;  with  the  presence  or 
al)seiie(M)f  water  su])ply  from  helow:  with  the  niinfall  and  itsdistribu- 
tion  throu<>:h  the  yetii':  with  the  altitude,  temperature,  wind, and  other 
conditii»ns  airectin«»"  water  movement.  eva})oration,  and  crops;  with*  the 
kind  of  ei'op:  with  thelenjrthof  the  irri«ratinj^  season  and  the  diversity 
of  cro})s,  which  enables  rotation  in  th(»  ai)prKation  of  water  in  order 
to  keep  it  constantly  in  use:  and  with  the  skill  and  <'conomy  of  the 
irriij:5iti)r. 

Wh<»rever  there  is  waste  it  nmst  b<*  made  ^'ood  by  dm  wing  on  the 
supply.  Water  may  b(»  lost  by  esi*aj)in«r  from  the  surface  instead  of 
hv\\\\]^  absorbed  by  t\w  soil  durin«^  the  timi*  irriiration  is  bein^  done,  or 
it  may  be  lost  by  s(»epat:^e  through  a  porous  subsoil.     AfttM*  the  water 

^Flynn's  Irri>:iiti(»n  (.anals  ]>.  2i»3. 

"IrrijriiliDii  at  HakiTMville,  (.'al.;  Wat»*r  Supply  ami  Irri^tion  I*ai»i»n*  No.  17,  IT. '8. 
<i«'()lojrical  Survi'V. 

"Scwaj^e  Irrijration;  AVatcT  Supply  and  Irri^tion  Papern  No.  :$,  V.  S.  (ioological 
Survey. 
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has  been  applied  it  i«  continually  being  lost  through  evaporation  from 
the  surface,  and  where  evaporation  is  great  more  water  will  be  needed. 
Therefore  different  methods  of  iiTigation  and  cultivation  may  make  a 
great  difference  in  the  duty  of  water  on  the  same  soil  and  crop.  In 
studying  duty  it  is  therefore  important  to  have  a  record  of  all  these 
modifying  conditions. 

DUTIES  FIBST  DETEBMINED  IN  WYOMING. 

The  first  measurements  to  deteimine  the  duty  of  water  in  Wyoming 
were  made  by  the  Territorial  engineer,  Elwood  Mead,  in  1889,  at 
Wheatland.  The  results  reported  below  are  taken  from  the  second 
annual  report  of  the  Territorial  engineer. 

QxuxniUy  of  waler  tised  on  oats  and  potatoes  at  WheaUandy  Wyo,y  in  1889. 


Rainfall  and  irrigation. 

April. 

May. 

June. 

July. 

August. 

Irrigating 
Reason. 

Oat<<: 

Depth  of  rainfall 

Inch. 
0.50 

Inches. 
3,45 

Inches. 
3.37 
7.236 

Inches. 
1.99 
21.936 

Inches. 
0.75 
2.124 

Inches. 
10.06 

DcDth  of  irrisratlon 

81.296 

Irrifration  and  rainfall 

.50 

3.45 

10.(506 

23.926 

2. 874 

41.356 

Potatoes: 

DcDth  of  rainfall 

.50 

3.45 


3.37 

1.99 
12.744 

.75 


10.06 

DeDtH  of  irrieration 

12. 744 



Irrifiration  and  rainfall 

.50 

3.45 

3.37 

14.734 

.75 

22.801 

SUMMARY. 


Item. 


Total  amount  of  water  used cubic  feet. . 

Time  employed days . . 

Area  of  surface acres. . 

Average  discliarge  for  period  us^ed cubic  feet  per  second. , 

Equivalent  average  dwchargfe  for  irrigating  season  of  four  months 
(May.  June,  July,  August) cubic  feet  j)er second.. 

Or  an  equivalent  duty  of  1  cubic  foot  per  second  for  continuous  dis- 
charge   acres. . 


14,056,235.55 
54.5 


Potatoes. 


323,825. 
1.5 


123.7 
3.79 

7 
2.5 

1.32 

.0306 

93.8 

229.5 

In  the  discussion  of  the  above  results  it  is  stated  that — 

The  depth  of  the  water  spread  over  the  surface  in  July  (nearly  2  feet)  seems  unnec- 
essarily large,  and  to  those  unacquainted  with  the  enormous  evaporation  which  takes 
place  during  the  summer  months  it  would  seem  that  such  a  volume  of  water  would 
be  ruinous.  The  results,  however,  sustain  the  judgment  of  the  irrigator.  Part  of  the 
field  was  damaged  by  hail,  yet  the  average  yield  was  40  bushels  per  a<*re,  and  1 
measured  acre  in  the  unharmed  portion  gave  a  yield  of  75  bushels. 

The  potatoes  upon  which  water  was  measured  gave  a  jueld  of  150 
bushels  per  acre. 

Measurements  of  water  made  at  Laramie  and  at  Wheatland  by  the 
Wyoming  Stiition  in  1891  and  1892  have  been  reported.*  As  the  duties 
are  closely  related  to  those  afterwards  obtained  on  the  same  lands  and 
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report4'd  in  the  following  pages  they  are  repeated  in  the  next  table. 
The  land  on  which  these  experiments  were  made  was  sod,  broken  in  the 
Hpring  of  181U.  The  sugar  beets  and  ruta-bagas,  com,  cane,  peaa,  and 
lx*an.s  were  planted  in  rows  and  irrigated  in  furrows.  All  other  croiM 
were  irrigaU»d  by  flooding. 

Duty  of  irateTf  Wyoming  ErpfrimerU  Station,  2892-0^. 


Place. 


Cn>p8. 


Yield  per  ?f-*?,^V  I       ^^ 


month8.a 


Total 
amirantof 
water  used. 


A 

deDthoTlr* 
ngAtton 


Dmyofl 
ciible  foot 
per  Mcood 


water  on  :ooDtlniioai 
land.      1      flow. 


1891.      ; 

IjarHinic I  Mixed 

Wheatland..   ()at« 40biiHh- 

\      vIr. 
1«92.         I  ,  I 

SiiKHF  lK*et». . .  I  8. 6  toiiH* 
Laramie 

Dc).. 


Inchr$.  .  CubieJnU 

5.16 2,667,218.75 

8.50    June  20  to    9,507,078.47 
July  12.      I 


Ruta-ljiigaN ...  I  18  tonM. 

Corn '  (Uit  for 

;  f<Klil<T.  i 

IV) Cane.durra I 

I)«) '  I't'afi,  beann . . .  7  bUNhelM 

Do !  Mixed 


H)  !  I  June    16,171 

.)!  ISi'pt.         22|l 


bti.W 
hW.W 


July 

July 
June 


20 

23 
5 


97,973.24 

10,848.39 

19.754.92 
18,081.13 


ht\.W   l.lHO.oll.41 


80.6 
17.4 


9.9 
4 


8.7 

4.9 

18.5 


96i( 
167.< 


290.77 

785.Si 

886.  Ot 
888.28 
216.06 


a  Four  niontht  of  ^ntwinK  M'luum— May.  June.  July,  and  Aufiut. 
bb.ia  inrheKfell  in  May  iiml  June. 


DITTIES  FOB  DIFFERENT  CHOPS. 

The  amount  of  \vftt(»r  nM(uire(l  l»y  dltforont  crop-s  varies  enormously. 
In  (l(\sort  rojifioiis  wheiv  tho  rainfall  (1(h»s  not  ox(M»(»d  4  or  5  inches,  while 
ovaponition  would  amount  to  moiv  than  UH)  inches  if  there  were  water 
to  eva{)onit(%  thoro  arc  many  kinds  of  plants  which  live  and  when  sup- 
plied with  a  small  amount  of  water  produce  flowers  and  fruit.  During 
the  jjrcater  part  of  the  year,  when  no  water  is- available,  they  merely 
sus|)<Mid  jrrowth.  On  the  othtM*  hand,  there  are  plants  which  will  not 
live  unless  continuously  standing  in  water  or  having  the  larjfcr  part  of 
their  r(K)ts  and  stems  completely  coven»d  with  it.  In  the  different 
vari(»ties  of  the  sjuue  kinds  of  plants  there  Is  marked  difference  in 
ability  t(»  stand  drought  and  to  ))roduce  a  cro))  with  a  scanty  water  sup- 
piv.  A  varietv  of  oats  which  needs  oidv  ninetv  davs  to  mature  its 
^rain  and  which  throws  all  its  force  into  the  ])roductioii  of  seeds  rather 
than  stniw  will  produce  a  <*rop  with  a  small  part  of  tlu^  water  I'equired 
by  a  variety  tnkinjf  one  hundnMl  and  eighty  days  to  mature  and  pro- 
ducing lonjJT,  coarse  straw.  The  two  extremes  have  actually  been 
observed  at  I^ammie.  Many  plants  also  hav(>  the  ])ower  to  adapt 
th<Mnselv<»s  to  tho  soil  and  climate.  Oats  will  o^row  in  thi»  Tropics  or 
in  a  n»jfion  marked  by  frosts  every  month  of  the  year.  Siu'h  changes 
in  the  plant  nmy  change  it>4  requirements  somewhat,  so  that  the  duty 
for  tho  siune  crop  will  luidoubtedly  vary  according  to  variety  and 
such  (M)nditions  of  tulaptation  as  may  have  bet-ome  (established. 

Although  irrigation  lias  Ikh^ii  pmctictHl  for  centuries,  it  is  still  of 
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first  importance  to  know  how  much  water  is  actually  used  on  crops, 
when  it  is  used,  and  with  what  results,  before  we  can  know  where 
improvement  is  possible.  We  can  not  say  that  the  duties  so  far 
obtained  are  the  true  amounts  which  are  necessary  to  produce  maxi- 
mum crops,  although  where  large  crops  result  the  judgment  of  the 
irrigator  is  sustained. 

RECENT  EXPEBIMENTS  ON  THE  DUTY  OF  WATEB. 

Measurements  have  been  made  at  the  Wyoming  Experiment  Station 
every  year  since  those  reported  in  1891  and  1892,  but  those  made  at 
Laramie  in  1893  and  1894  are  omitted  from  this  report,  as  they  were 
incomplete  and  inaccurate.  At  Wheatland  a  careful  series  of  meas- 
urements were  made  for  us  in  1893  by  Mr.  M.  R.  Johnston,  superin- 
tendent of  the  substation  at  that  place.  The  data  at  hand  not  before 
published,  which  was  obtained  by  measurements  at  Wheatland  in  1893 
and  at  Laramie  during  the  years  1895  to  1898,  inclusive,  are  reported 
below.  All  the  computations  have  been  reduced  to  the  acre  standard. 
The  measurements  were  made  on  areas  varying  from  a  fraction  of  1 
acre  to  50  acres. 

HAY   CKOPS. 

The  larger  part  of  the  land  irrigated  in  Wyoming  is  for  the  produc- 
tion of  winter  stock  food,  and  the  amount  of  water  used  in  the  pro- 
duction of  hay  crops  is  of  great  interest  and  importance.  The  following 
gives  the  results  of  our  measurements  on  hay  land  up  to  the  present 
time: 

Duty  of  water ^  hay  crops. 


Crop. 

Place. 

Year. 

Water  received 

by  irrigation  per 

acre. 

Depth  of  water 

supplied  land 

by  irrlijration 

and  rainfall. 

Duty  of  1 

second-foot  for 

season. 

Yield 
per 

Quantity. 

Depth 

over 

surface. 

Grow- 
ing 
season. 

Year. 

Four 
months 

Ninety- 
five 
dajrs. 

acre. 

Alfalfa,  two  crops. 
Alfalfa,  first  year . 

Laramie 

do 

1896... 

1898... 
1898... 
1898... 

1898... 
1898... 
1893... 

Cu.Jl. 
47.356 
129.388 
113, 101 
113.184 
129,811 

174,240 

68,753 

102,384 

Feet. 
1.09 
2.97 
2.60 
2.60 
2.96 

4 

1.58 

2.35 

F^xt. 
1.49 
3.35 
2.98 
2.75 
3.86 

4.38 
1.96 
2.50 

Feet. 
2.02 
3.61 
3.2i 
3.13 
3.62 

4.64 
2.22 

2.88 

Acres. 
224.4 
82.1 
94 
93.9 
81.9 

61 

15L7 
103.8 

Acres. 
173.2 
68.4 
72.6 
72.6 
63.2 

47.1 

119.4 

80.2 

Pmirtds. 

4,664 

2,220 

8,668 

16.752 

Alfalfa,  two  crops. 
Alfeilfa.threecrops 
Brome  grass,  first 

do 

Wheatland . 
Laramie 

do 

year. 
Native  hay 

Oats  and  vetch . . . 

do 

6.668 
2,212 

Timothy 

Wheatland . 

With  one  exception  the  duties  determined  are  on  cultivated  hay 
crops.  In  every  instance  the  irrigation  was  by  flooding  the  land  at 
intervals  through  the  season.  As  a  rule,  hay  crops  occupy  the  land 
permanently,  have  a  long  season  of  growth,  and  require  more  water 
than  common  farm  crops.  While  the  ground  is  shaded  the  larger  part 
of  the  time,  which  prevents  excessive  loss  by  evaporation  fronv  t\iA 
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ground,  no  ni<>thod  of  cultivation  to  hold  tho  moiHturc  in  the  soil  can 
1m^  pnicti<MKl,  and  larj^c  amounts  of  watiT  am  evaporated  from  the 
plants,  wliirh  <'ovcr  tho  cntin»  hind  surface. 

It  will  hr  noticed  that  alfalfa,  the  Krst  year  after  the  Heed  was 
planted,  received  more  water  than  that  which  had  occupied  the  land 
more  than  on»»  y<'ar.  Newly  plowtnl  ground  aKsorbs  a  large  amount 
of  water  and  frcijuent  irrigations  an;  necessary  th  ,  first  season  to  get 
the  young  plants  cstahlished.  At  I>anunie  in  IHOG  a  small  amount  of 
water  was  wsi^d  on  the  alfalfa.  The  yield  that  year  was  alsocompara- 
tivelv  small  and  it  is  n<it  unlikelv  that  mon*  wati^r  would  have  increased 
the  crop.  At  I^iinunie  <»idy  two  crops  can  lie  cut  in  a  season,  while 
three  crops  are  <ihtained  at  Whi^atland.  As  a  rule,  alfalfa  requires 
more  water  than  <'ultivated  crops  other  than  hay,  but  is  not  watered 
so  much  as  native  meadows.  The  miMisurement  of  water  used  on 
native*  hay  reported  in  the  ta)>le  was  made  on  a  private  farm  near 
Lanimie.  It  was  the  first  yi'ar  thi»  nativi»  s<m1  was  irrigated  to  turn  it 
from  ])asture  to  meadow,  and  while  a  large  amount  of  water  was  used 
it  is  pr«i)>a)>le  that  under  the  conditions  ii<»ne  t(H>  nuif*h  was  applied. 
The  grass  made  good  growth,  some  of  it  Inking  heavy  enough  for  hay. 
The  soil  is  composed  <i|'  jnosi*  gnivel  and  sand,  extending  to  a  depth  of 
ai>out  lo  fi'et.  The  watiT  run**  tlin)Ugli  and  drains  off  from  l>olow 
with  gn'at  nipidi ty  aii<l  eaM*.  so  it  is  necevsjiry  to  irrigate  often  to  keep 
the  surface  soil  suliicientiv  m«>ist  to  fon-e  a  i'rowth  of  the  native 
grasses.  Seepage  through  this  soil  is  so  great  that  while  water  was 
applied  to  only  4S.1>  a«*n*s  a  gooil  crop  of  wh«'at  was  hiisihI  with  only 
a  partial  irrigation  and  crops  of  oats  and  potato(>s  with  no  direct appli- 
<'ation  of  water.  tln*v  Inking  supplied  hy  seepage  from  the  ditches  and 
adjacent  land.  The  area  of  land  actually  supplied  with  water  was  52 
acres,  enough  lM*ing  used  to  c«»verthe  total  area  to  a  (h»pth  of  3.76 
feet.  Computing  the  duty  of  1  second-foot  for  four  months  on  this 
Imsis  would  niis«'  it  to  <>;>  acres.  It  shouM  In*  slated  that  large  amounts 
of  water  are  n(M'<led  for  the  lirst  few  vears  to  stinmlate  native  sod  so  it 
will  procliK-e  sutii<*ient  crops  of  hay  to  he  harvested.  After  the  land 
iM'gins  t«i  produce  good  crop>.  howev<'r,  the  amount  of  water  and  the 
UH'thod  «)f  applying  it  mu^t  Im>  m(>dilie<l  with  som(>  judgmtMit.  Often 
too  much  water  is  used  tm  ol<l  meadow-^.  lM>ing  run  over  the  land  eon- 
tinuously.  All  our  farmiM'^  iiclmit  that  tli«-  low  plac«'s  on  th(*ir  land 
which  receive  the  m<»st  water  luMome  (iijed  with  "  watcM"  grass'' 
(species  of  Beckmaiuiia.  S|K>rol)olus,  Spartiiia,  I'anicularia,  KlyuuLS, 
Catahrosa,  Desehampsia,  Oistichlis.  et«-.),  or  "  w  ire  grass"  (,I uncus), 
or  "'thn'e-corntM'ed  grass*'  (Carex).  oi*  foxtail  (Ilord«'um).  few  of  which 
make  lirst-<|uality  hay,  and  on  many  ran<-hes  th<'  greater  part  of  the 
hay  produced  <*onsists  of  thesi*  infi*rior  kinds.  Tla^  U-tter  upland 
gnisses  are  simply  drowni*d  out  hy  the  excess  of  water  or  killed  by  the 
/ir('///;julation  of  alkali  salts  on  the  surface.     The  best  iirigators  give 
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the  land  a  thorough  soaking,  being  careful  not  to  let  too  much  accu- 
mulate on  the  lower  portions,  then  turn  it  onto  an  adjoining  field, 
allowing  the  first  land  irrigated  to  have  a  growing  and  ''breathing 
spell,'-  alternately  irrigating  one  field  after  another  until  all  have 
received  from  four  to  eight  soakings  in  the  season. 

On  account  of  the  short  growing  season  none  of  the  perennial  hay 
plants  will  produce  a  full  crop  th«^  first  season  from  seed.  Alfalfa 
will  produce  a  small  crop  the  first  summer,  but  as  a  rule  it  takes  more 
than  one  season  to  secure  profitable  crops  of  alfalfa,  native  hay,  or 
other  permanent  forage  plants.  The  brome  grass,  on  which  measure- 
ments were  made  in  181»8,  took  a  comparatively  large  amount  of 
water;  but  being  the  first  3'ear  from  seed,  a  sufficient  crop  to  pay  for 
harvesting  was  not  produced.  The  amount  of  water  used  on  timothy 
at  Wheatland  is  of  interest,  and  oats  and  vetch  for  hay  at  Laramie 
produced  a  good  crop  with  only  a  compai*atively  small  amount  of 
water. 

All  the  duti<»s  determined  since  1892  for  diflferent  kinds  and  varieties 
of  grains  (PI.  Ill)  are  given  in  the  following  tjible: 


N 


Cnip. 


ace. 


Bark'v: 

Three    vari 
lies. 


I  Wheatland 


Nine  varie.es 

Ijiramie 

High  land 

do 

(^hief. 

Corn.   Miuuest.tta 

Wheatland  . 

King. 

Oats: 

Giant  Side 

do 

Early  Arch- 

 do 

angel. 

Lincoln 

Snrpriso 

•Lnramie 

Bonanza 

Lincoln    (on 

do 

sod). 

Surprise  (sub 
.soiled). 

dr. 

Rve: 

Spring 

Winter 

Wheatland  . 
do 

spring 

Laramie 

Wheat: 

While  Rns.«ian 

Wheatland  . 

Fultz  Winter . 

do 

Five  varieties 

Uiramie 

DiUy  of  ii'dier,  ijraiu  cropx. 


Yea  r. 


WM 


water  reoeivcl     ^tiP^I.^J-rr         D-ty  "f  • 


by  irrigation, 
per  acre 


and  rainfall,    i         ^^a^"'- 


Depth    Grow- 
Ciuantiiy.     over    '     ing 
.snrfaee.  sea-son. 


Cnhirfert. 
imi  I       39,*744 

WXi  i       52.  HOT) 
1898  I     117,711 


47.  .ViO 


189:J        7r..89t> 
1893         68.20G 


1898         82.  W; 
1S98  j     112,579 

1898     iro.8;r> 


1893  ' 
189:^  I 

1898 


5().  160 
:i8,  UH 
58,  r23 


1H9:^  <;9,98^1 
1893  I  41,040 
1898        1"V*,001 


o  Average  yield  of  the  thret-  varieties. 

17994— No.  81 3 


Fat. 
0.91 

1.21 
2. 70 

1.09 


1.77 
1.57 


J-'nt. 
l.Wi 

1.88 
3.08 

1.24 


1.92 
1.72 


Year. 


/VyV. 
1.44 

2.14 
3.  :I4 

l.<;2 


2.  :jo 

2.  U» 


Four 
months. 


Ninetv- 

the 

da  vs. 


Yield  |K'r 

iHTV. 


2i;7.4  I    -206.5  mi 


•200. 9 
90.3 


IVi.  1 
(•9. 7 


'J-SiJi        172.7 


i:i8.2        106.7 
l."v5.7        120.3 


1.90  i       2.28  .       2.54  128.6  W.  2 

2.  .58         2.9«>         3.22  94.4  I  72.9 

I 

3.69  4.07  4.33  r.6. 1  51 


1.-29 

.88 

l.:W 

1.61 

.94 

3.63 


1.44 
1.0:1 
1.71 

1.76 

1.09 

V  4.01 


1.82 
1.41 
1.97 

2.14 
1.47 


189.2 
276.  4 
182. 8 

151.9 

25«.  9 

67. 3 


1 46. 2 
213. 5 
141.2 

117.3 
2(K) 
51.9 


6  Average  yield  of  the  fiv*-  varieties. 


89i> 
1.392 

3.189 


1,60:^ 
1.024 


'(l.r.88 

698 

1,6:^ 


974 

739 

1 ,  <«;2 

4N> 
M.573 


:t4 

i:iiii>M  Iti  till' iliiiii-  (111  ill.'  ^;ini.'  kit,.i - 
l.l.  ;(-..llll-.-IVH.'f  in  Miil>.  in  l..,:tti,,;!  a: 
hllil.n..-.  N..d..ul.l  lliu.ll  ..flh.-v;;:i:. 
II  ..tiL.r-  :i-  wi'lli  \-  ilm-  |(>  |>iir<-  ai-.iil.  !^; 
I  iliiiii.ii!.'li  irri^dion  the  iirit.iit.iini' 
iiii-  .ii'  WLiiiT  :it  iiilti>r<-nt  liim-  nv  i 
III.'.  No  .Imiln  .lirliTciit  tiiiKiuiit-  Uu\ 
li.-  1. -iiliiiiL'  nop.  I.ut   with.mt  d.-tiiiii 

I'- -  'ii:iv  )h-  ill.-  irrijruKM-  >ini[>Iv  ii-.- 

r  .'I'  tiiii.- In  irnjriilc  :iiul  tin- :iiiii.iiiit - 
..I..  Ai  l^immi.- l,ail.-v  ws.s  ;riv.-ii  ov- 
-  >^i.-  :.l.|ilii-<l  ill  IM'.-..  -l-h.-  niiilf:.ll  w;i 
■:  'Hit  liir  :mi<.iiiit  »ii>  not  <ulh'.-ii'iill 
.:   "i.lri-r iv..,l  In-  111.-  tv 

IMii,l:,l!.tl.r,T.,p  of   I.VIVr 

..■■ill-, I  ill  iv.i;,.  ThiTi-  \vii>  iui- incn-ii- 
'ljii!  .■II.  l.ul  rmi  ;i  pi-uiK.i-tioniil  .iiif. 
;ii  iiii  ■•!  ";il.r:ippli.-<l  In  ( wo  .liir(.T.-r 
i:  :v  „•  iii.li.-  ill  ili'pili.  Til,,  viiriutic 
.!-i-,.i  -niUi-  *>.rv  in:iik.-.l.  juid  will  1. 


ro,K.     Ii 


■  ii-ic!  .Ill  winter  tiiul  spring' 
Wiiii.i-  IT.,  al   Wlifatbii! 

--l.iiMjriv.'.  and  tlu-ditr..|- 

■  iinl-  iipplii'il  lu  winter  iiiiii 
i!  lll;t>  I"-  Ui-pt  tlliv.i  hy  the 
h-riiiil  III'  hrou-rht  to  (-arly 
-piiiio-  in.iiitlis  aloiijr  „-ith  !( 

rain 


i 

U,  S,  D.pt  Bl «(..,  Bvl.  11,  Dffio.  of  E.BI.  SMfaM. 

m 

i 

f 

5 
S 

1 

H^E^^h''7hA  '•'^Vr'lHHIi^H^^^^^H 

1 

V...,  ''y  .-■,    .'V  ,.  ■;  ,.-.     ■  '         ■"-■-■    •■  •     • 

> 

i 

■ 

1 

■ 

s 

H 

■^  U.v'i -:■•<>■; 

.  ^^H 

1 

«i#*"  ■" 

^■j' 

i 

1 

(0 

1 

1 

II^ 

r 

35 


ROOT   CROPS. 


The  only  root  crops  on  which  duties  have  been  determined  are  pota- 
toes, turnips,  and  sugar  l^eets  (PL  IV).  The  results  of  measurements 
on  these  crops  are  as  follows: 

« 

Dvttj  of  uHiUer,  root  crops. 


C'rr>p. 


I*laoo. 


Year. 


Water  received 

by  Irrigation, 

per  acre. 


Depth 
Quantity,    over 
.surface, 


Potatoes I^aramio 

Do.. ' do 

Do I do ' 

Potatoes,  3  irriga-  ' do ' 

tion«. 

Potatoes,  2  irriga-    d(» 

tions. 

PotatoeK,  22  vari- 
eties. 

Sugar  beet«  and 
rutabagas. 

Sugar  beets,  A  va- 
netie>». 

Turnips un<i  nita- 
bagas. 


WheatlaiKi  . 

I^imniie 

Wlieatlanii  . 
Laraniit> 


1895 
18%  i 
1897 
1K98 

1S9«  I 

189:i 

189K 


Cubic  fret. 
11, '683 
13.866 
26.237 
49, 825 

12.925 

61,776 

69, 875 


lS9:i  :  107,128 
1H95  !  112.7:^ 


0.27 
.32 
.60 

1.14 

.no 

i:42 
1.60 
2. 46 
2. 59 


Depth  of  water 
ftupplied  land 
by  Irrigation 
and  rainfall. 


Duty  of  1 

second-foot  for 

season. 


Grow- 
ing 
Hea«ion. 


Frel. 

0.95 

.?2 

1.01 

1.54 

.68 

1.57 

1.98 

2.61 

3.27 


Year. 

Frd. 
1.20 
1.22 
1.60 
1.78 

1.91 

1.95 

2.2t 

2.99 

3. 52 


Four     ^'i:;^J 


months. 


Acre  9. 
909.6 
766. 5 

ia5 

213. 3 

822.2 

172 

152.1 
99.2 
91.3 


days. 


Yield  per 
acre. 


Acns. 
702.6 
592 
312.8 
164.7 

635 

132.9 

117.8 

76.6 

72.8 


l*oundK. 
9,000 


8,675 
5, 131 
7,344 

12,912 


These  crops  were  all  irrigated  in  furrowH,  so  the  water  used  reached 
the  plant  roots  from  the  sides  of  the  furrow  or  from  below,  without 
allowing  the  water  to  come  against  the  stem  or  top  of  the  plant.  It 
will  be  noticed  that  potatoes  received  comparatively  small  amounts  of 
water,  while  sugar  beets  and  turnips  were  much  more  IkmivIIv  irrigated. 
In  all  the  instances  reported  in  which  potatoes  did  not  receive  more 
than  three-tenths  of  a  foot  of  water,  the  irrigation  can  l)e  considered 
onl}'^  a  partial  watering  of  the  land  and  crop.  A  complete  irrigation 
or  thorough  soaking  of  the  soil  can  not  be  done  with  such  small  amounts 
of  water,  at  least  under  our  conditions.  By  proper  cultivation  and 
management  we  have  succeeded  in  raising  very  good  crops  of  potatoes 
on  the  Laramie  plains  without  irrigating  the  crop,  though  it  was  on 
old  land  which  had  been  irrigated  in  previous  years,  and  which  un- 
doubtedlv  contained  considemble  surface  water.  From  the  ta})le  it 
appears  that  there  has  been  quite  a  steady  increase  in  the  amount  of 
water  used  on  potiitoes  at  Laramie,  and  in  the  same  year  there  was  a 
marked  increase  in  the  yield  of  a  plat  receiving  1.14  feet  of  water  over 
the  plat  which  received  only  0.3  foot.  Too  much  water,  however,  is 
very  injurious  to  the  (luality  of  potatoes;  so  much  so  that  Laramie 
merchants  refuse  to  buy  potatoes  known  to  have  been  raised  on  land 
which  is  kept  too  wet.  In  the  measurements  reported,  however,  we 
have  no  evidence  that  too  much  water  was  applied. 
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It  has  not  Ihvii  found  pmrticul^h*  to  uunl^iU^o  tho  water  used  on  each 
s(>])aniti'  plat  or  tit>ld,  and  oftoii  sov(*niI  kinds  of  crops  have  lieen  grown 
on  Ihr  saini'  plat,  all  of  whh'h  wore  irri^toil  at  the  same  tuue.  Usuallf 
wo  \vd\o  kt»pt  soiMinitc  rocords  of  the  water  used  on  eaeh  kind  of  crop. 
For  instance,  wo  ofton  irrigate  several  kinds  of  grain  at  the  same  time 
and  koep  a  rooord  of  the  auiount  of  water  used  for  the  whole.  The 
results  of  measurements  for  mixed  erops  are  given  in  the  table  below. 
This  ta)»le  also  contains  the.  duties  for<lifTerent  crops  of  peas  and  flax. 

Ihttij  ttf  mitrr^  niii't'tl  rrftftJ*-    fiiii'nm,  ftttin,  tiut/rtn.r. 
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III  I.si»;i  l)u(  iVw  .separai*'  records  weir  kept,  hut  the  totJil  amount 
used  on  the  station  farm  was  determined  and  sliow^  that  enough  water 
was  u.sed  to  cover  all  the  land  <'ultivated  to  a  depth  of  1.15  feet.  The 
.M»a.M)nof  is<»:i  was  unusually  I'avoi'aMe  :it  Laramie,  all  crops  sueeeeded 
well,  and  onlv  .-^mall  amounts  of  water  w<'re  u>ed.  The  irri<nttioii  wan 
hy  floodinjif  fcri'  trrjiins  and  hay  and  l»y  tin*  t'nrrou  method  for  nK>t 
«*io])s  and  ^farden. 

1*1  mo^t  in.stancivs  where  dillerent  ^••rain^  ar**  reported  to'j-etlHM',  thor 
were  oecupyin*^  the  sjune  field,  which  wa-^  all  irri^^at<'(l  at  <>ne  time  and 
ea<'hcrop  rec(Mved  the  same  amount  of  water:  ><>  where  wh«\-it  and  ojits, 
or  wheat,  oats,  and  harlev  are  reported  toj^^'cther,  the  duty  is  the  .siiiie 
for  eaeh  croi)  as  it  is  for  thecomliined  crops.  I'nle.^s  othi'rwix*  Ntated 
the  o-nuns   were  irrijjfated  hy   tloodinjj:.     Where  cultivated  trniin    is 
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mentioned  it  refers  to  varieties  of  wheat,  oats,  and  barley,  which  were 
planted  with  drills  twice  as  far  apart  as  the  ordinary  drill  row  and  cul- 
tivated between  the  rows  after  each  irrigation.  These  cultivated  grains 
were  irrigated  by  the  furrow  method.  (PI.  Ill,  Jig.  2.)  The  garden 
duties  repoi-ted  in  this  table  consisted  of  mixed  garden  crops  such  as 
peas,  }>eans,  celery,  beets,  turnips,  lettuce,  cabbage,  etc. ;  and  the  duty 
for  the  garden  represents  the  amount  of  water  necessary  for  such 
crops.  Yields  are  not  given  in  this  table,  but  no  measurements  are 
reported  on  land  whi(*h  failed  to  produce  and  mature  a  crop. 

The  duties  given  in  this  table,  if  we  leave  out  the  individual  crops 
of  peas,  are  more  uniform  than  those  given  in  the  preceding  table  for 
single  crops.  As  a  rule  these  duties  were  determined  from  measure- 
ments of  larger  areas  than  those  on  separate  crops,  and  it  is  likely 
that  they  more  nearly  represent  the  amounts  of  water  which  are  used 
in  average  farm  practice.  Averages  from  the  table  give  a  duty  of 
154.6  acres  for  a  continuous  flow  of  1  cubic  foot  per  second  for 
four  months,  oi*  enough  water  used  to  cover  the  land  to  a  depth  of 
1.578  feet. 

CONDITIONS  AFFECTING  DUTY. 

INFLUENCE    OK   CLIMATE    AND    KAINFALL   ON    DUTY. 

The  amount  of  water  which  must  be  applied  to  the  land  artificially 
in  order  to  produce  crops  varies  from  none,  where  the  i-ainfall  is  sufh- 
ciently  great,  to  the  maxinmm  amount  needed  by  soil  and  crop  where 
there  is  practically  no  rainfall.  As  already  stated,  there  is  nmch 
variation  in  the  quantity  of  water  which  is  necessary  for  the  same  kind 
of  plants  growing  in  different  places  on  the  earth's  surface.  No  doubt 
much  may  be  done  for  the  arid  region  of  the  West  by  introducing 
useful  plants  from  other  arid  countries  and  by  the  actual  production 
of  varieties  which  will  succeed  with  small  amounts  of  moisture.  A 
beginning  has  been  made,  and  already  we  have  drought- resisting  wheat,  • 
short-season  oats,  and  nonsaccharine  sorghums  which  mature  with  lit- 
tle moisture,  the  Turkestan  alfalfa,  which  withstands  drought  better 
than  the  conmion  variety,  and  there  are  numerous  plants  growing  on 
our  dry  plains  which  may  become  valuable  when  brought  under  culti- 
vation. The  West  is  still  new,  and  the  plants  usually  grown  are  those 
which  have  been  introduced  from  humid  regions.  Such  plants  require 
comparatively  large  amounts  of  water  supplied  by  irrigation.  As 
varieties  are  produced  which  require  less  water  the  area  which  can  be 
irrigated  with  the  supply  will  be  extended. 

INFLUENCE   OF   METHODS  OF  IRRIGATION   ON   DUTY. 

There  are  various  methods  of  applying  water  to  crops,  which  have 
been  classified  as  flooding,  furrow,  bed,  check,  rill,  seepage,  and  pipe, 
or  subirrigation,  systems.     The  amount  ol  N<j«klei\  x^iQ^vt^i^V^'w^aJo^x^ 
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tli(*  phiiit  n>iimins  the  ssiiiio,  Imt  thei'e  in  ronsiderable  dijfference  in  the 
iiinoiint  of  yviistv  in  distributiuiu  dcpi^nding  on  the  method  by  which 
thr  fju'iiu^r  furnisht»s  th<»  WHt4»r  to  the  plant  Whether  one  method  is 
ni<)n>  ofiiri(>nt  and  <'V()noiiii<*iiI  thiin  another  dependH  upon  a  number  of 
conditions,  :is  kind  of  crop,  slop4*  and  I'onfiguration  of  the  land,  kind 
of  soil  and  siil>soil.  and  the  (*are  and  skill  ummI  in  applying  the  water. 

Su I )iiTi tuition,  when*  th(»  water  is  aj)pHed  to  the  lower  layers  of  the 
s«)il  l»y  undciyroiind  syst<'nis  of  pijH»s,  is  generally  <*on»iden?d  thcmofst 
<»c(MH»niical,  as  it  cliniinati's  two  soun'os  of  loss— waste  b^-  running  off 
from  the  surface  and  <'vaiM)nition  from  ofRMi  dit(*heH.  Two 8\'stems  of 
siihirri^ition,  one  with  iron  ])iiM'  ami  the  othcT  with  lines  of  porous 
tile  laid  de<'p  enoii^^h  in  the  soil  to  \h^  In^Iow  the  plow«  are  in  use  aithe 
Wyoming  Station,  hut  unfortunately  the  amount  of  water  usckI  in  them 
ha.N  not  IxM'n  a<*curate|  v  measured.  Our  observation  leads  us  to  lielieve. 
howt»v»M',  that  when'  th«»  suhirripition  pii^s  aiv  located  in  loose, 
irravelly.  ami  sandy  sul»soil  the  loss  from  sei»i)aj;e  is  greater  than  the 
ordinary  losses  observeil  when  water  is  a))pli(*d  thnm^h  op<»n  ditches. 
SysttMiis  of  sul>irripition  have  the  a<lvantajre  in  n>quirin^  little  care, 
and  undouhtediv  such  >vstems  arc  ideal  when*  the  surface  soil  absorbs 
water  rca<lilv  and  allows  its  distril)ution  to  sor\ie  distance  fixmi  the 
pijM',  and  where  the  sul»>nil  is  .su<-h  a>i  to  ]»rcv<'nt  jri'eat  loss  from  seep- 
a;r*'-  1  h<»  duly  of  a  M'cond-foot  in  pi|M'  sv>ti'ms  in  California  is  said 
to  he  .'lOO  aci'c*^  and  <)\cr. 

l>y  far  the  trrrati'i"  numhcr  nf  crops  sccni  to  thrive  In'tter  when  water 
i>  not  allowed  to  cnnic  a<r;iiM^t  the  down  ai  ilii'  plants.      Kven  plants 
>ucli  a**cclcrv  ami  cal)l)ai!t'>.  which  air  >ai<i  lo  thrive  in  a  >atunitedsul>* 
soil,  are  not    l>cnclitc(l   \t\  >iaiidin«^' <lirc<tl\   in  the  IIimkI.  and  ]>otatoes, 
<'orn.  tomatoes,  and  oihci-  plants  ^liow  unmi^takaMc  injury  if  the  water 
i^  allowed  to  <-ome  in  conia«l  with   the  >lalks  wliere  iIh'V  emerge  f  mm 
the  L'i'«»nnd.      A  inattei- of  common  oNmi'v  ation  i-^lliat  ^rass  and  grain, 
wliiili  are  U'-naliy  iiTiualed   ''X   lloodjnji'.  produee  more  thrifty  growth 
on  dihli  liank-  and  lii<.'"liei"  ridL:e>  and  kiiolU  where  the   roots  are  sup- 
plie<l  \)\  >eepajL;"e  fr«>m  beneath  latlier  than  tiom  Hood in)^"  tin*  surf a(*c*. 
'riii>  tact  has  led  in  >ome   localities,  to  the  adoption  of  the   rill  systt*m 
with  -n«-h  i-rops  a**  eover  ail  the  lan<l.      The  rill>  or  small  str(*ams  are 
laid  out  (»n  contour  lin(*>\\ith  a  corn  marker  or  other  implement  which 
will   produce  <mall   ])arallel  dit(  l.e--.  and   the   water  {^allowed  U>  run 
thi'<»ue-h  tlit*m   UiV  >evcral  day>  al   a  time  until   tla*   land  i<  well  satu- 
rated.    Tots  of  thi>  meth<»d  liaNc  show  n  thai    it    i^  not  practicable  to 
irri^iate  tin  ►roughly  hy  means  of  it  witln>nl  a  hnye  wa^teal  the  low(*rsidp 
of  the  lield.     This  M'.stem  i>   pi'a<*ticed   in  parl^  of   central  Wyoming 
where  there  is  ahundanl  watiM'  supply.     After  the  water  has  he(»n  diy- 
trihuted  to  th<>  laterals  little  attention  is  re(piire<l. 

The  heddinj^  system  is  usually  considered  a  very  old  and  out  of  date, 
hut  sr^mewliat  <'C()non\U".\l,  \v\eVluKl  v>(  uv\\;vitvv>v\.     Mtvir  llie  dikes  or 
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levee.s  have  been  thrown  u])  iiround  each  level  field,  at  great  labor  and 
expense,  little  .skill  and  attention  are  required  further  than  to  turn  the 
water  from  one  plat  into  another  after  it  has  stood  a  sufficient  time  to 
thoroughly  wet  the  land.  The  check  83'stem,  in  which  low  dikes 
extend  along  the  contour  lines  to  facilitate  flooding  the  land  and  pre- 
vent rapid  waste  of  water,  is  an  improvement  on  the  l)ed  svstem,  at 
least  for  large  ai'eas. 

Flooding  is.  the  system  more  generally  adopted  for  such  crops  as 
forage  plants  and  grains,  which  cover  all  or  practically  all  of  the  land. 
The  bed  and  check  methods  are  modifications  of  flooding.  With  this 
system  much  depends  on  the  configuration  of  the  land  and  the  skill 
of  the  operator,  and  men  who  become  skillful  in  the  application  of 
water  command  higher  wages  and  are  alwa\'s  in  demand.  Under  ordi- 
nary conditions  the  man  who  understands  the  business  will  irrigate 
with  little  or  no  waste.  Where  the  slope  is  not  too  great,  the  surface 
even,  with  the  soil  permeable,  and  the  head  water  supply  adequate, 
not  a  drop  will  be  allowed  to  escape  from  the  land  by  running  off  the 
surface,  and  the  efficiency  of  the  water  is  as  great  as  it  could  be  under 
anv  other  svstem  of  distribution.  With  a  stiff  clav  soil,  which  absorbs 
water  slowly,  the  head  or  flow  used  must  be  so  modificnl  as  to  allow 
time  for  the  water  to  be  taken  up,  but  in  loose  sandy  soils  a  large  head 
is  necessary  to  cover  the  land  as  soon  as  possil)le.  In  some  instances 
the  soil  is  so  porous  that  it  is  necessary  to  fill  it  to  a  considerable  depth 
before  the  water  can  be  run  over  the  surface,  and  in  such  cases  large 
amount>  of  water  aie  required.  On  loose  or  gravelly  soil  water 
usuallv  has  a  small  dutv. 

In  furrow  '.nitration  the  water  is  run  through  channels  plowed  for 
the  purpose  between  rows  of  plants,  such  as  corn,  potatoes,  and  like 
crops,  wh it'll  are  planted  sufticient  distances  apart.  In  this  system  it 
is  possible,  if  so  dcsiivd,  to  give  partial  irrigations — as.  for  <»xample, 
by  allowing  th(»  water  to  run  through  every  other  furrow  for  so  short 
a  time  that  not  all  the  land  lietwecMi  them  is  supplied.  High  duties 
are  often  obtained  in  this  way,  and  the  crop  is  said  to  b(»  irrigated  with 
an  amount  so  small  that  it  would  be  impossilile  to  soak  all  the  land  with 
it.  On  the  other  hand,  if  the  soil  is  thoroughly  soaked  at  each  irriga- 
tion, practically  as  much  water  is  used  as  in  any  other  method.  In 
1805  potatoes  which  were  given  only  one  furrow  irrigation  in  the  sea- 
son apparently  had  a  duty  of  901). (>  acres,  while  turnips  irrigated  in 
the  same  way  gave  a  duty  for  four  months'  flow  of  onlv  5^  acres.  In 
181)7  and  18!)8  potatoes  were  irrigated  wuth  an  amount  of  water  which 
would  cover  the  land  to  a  depth  of  only  from  1^  to  2  inches,  while  a 
thorough  irrigation  by  flooding  under  ordinary  conditions  can  proba- 
bly not  be  accomplished  with  much  less  than  3  inches.  In  1898  oats 
and  wheat,  planted  in  rows  twice  as  far  ajmrt  as  with  the  ordinary 
drills  and  irrigated  in   furrows  gave  dvitve^  oi  V-VVi  ^^.w^^  \^"\,^  '^rx'^^^ 


33 


the  land  a  thorough  soaking,  lM»ing  careful  not  to  let  too  nuieh  accu- 
mulate on  the  lower  portions,  then  turn  it  onto  an  Jidjoining  field, 
allowing  the  first  land  irrigated  to  have  a  growing  and  *'l)reathing 
spell,''  alternately  irrigating  one  field  after  another  until  all  have 
received  from  four  to  eight  soakings  in  the  season. 

On  account  of  the  short  growing  season  none  of  the  pt^rennial  hay 
plants  will  produce  a  full  crop  the  first  season  from  seed.  Alfalfa 
will  produce  a  small  crop  the  first  sununer,  Imt  as  a  rule  it  takes  more 
than  one  season  to  secure  profitable  crops  of  alfalfa,  native  hay,  or 
other  pennanent  forage  plants.  The  brome  gmss,  on  which  measure- 
ments were  made  in  1808,  took  a  comparatively  large  amount  of 
water;  but  l)eing  the  first  vear  from  seed,  a  sufficient  crop  to  pay  for 
harvesting  was  not  produced.  The  amount  of  water  used  on  timothy 
at  Wheatland  is  of  interest,  and  oats  and  vetch  for  hav  at  Laramie 
produced  a  good  crop  with  only  a  comparatively  small  amount  of 
water. 

(iRAlN   (Ui01»S. 

All  the  duties  determined  since  1892  for  diflferent  kinds  and  varieties 
of  grains  (PI.  Ill)  are  given  in  the  following  tiible: 

Ihity  of  urUer,  (fruiu  rroptf. 
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TIkto  is  a  r(insi(lt'ral)le  variation  in  tht»  duties  on  tlio  stinie  kind  of 
f^rain  diir  to  various  causes,  such  as  <llfToronce  in  soils,  in  location  and 
climate,  and  other  in(Klifvin<5  iiiHuene(*s.  No  douht  nmeh  of  the  varia- 
tion  shown  in  tliis  tahh>  (and  in  othf*rs  as  well)  is  due  to  pure  accident. 
In  '^iviiiL:  what  he  coiisi«h'rs  a  thorou<,di  irripition  the  irri^tor  will 
apply  widely  ditlVrcnt  «|uantities  of  water  at  different  times  or  to 
ditlVrent  fields  at  the  same  time.  No  douiit  difl'erent  nmountM  have 
inlhLence>,  irnml  or  )>ad,  on  the  resulting  crop,  Imt  without  definite 
knowled<re  ot'  what  thtv^e  influ<>n<M>s  may  he  the  irrigiitor  simply  uses 
his  jiid«rment  as  to  the  numher  of  times  t<»  irripite  and  the  amount  of 
watii"  to  apply  at  eaih  irripition.  At  liSiramie  Iwirlev  was  given  over 
twice  a>  much  water  in  \s\is  as  was  appiiiMl  in  18SC).  The  i*ninfall  waa 
trrcater  in  l^t*.^  than  in  istts;  hut  the  amount  was  not  sufficiently 
trreat  to  IrdaiH'e  the  tjuantity  of  water  rec(Mvi'd  l)v  the  two  erop«.  In 
fad.  if  w«'  take  account  of  the  rainfall,  tin*  crop  of  lS!»s  received  moi'e 
than  1  f(K)t  of  water  in  ex<-ess  <»f  that  in  lsi»r>.  There  was  an- increase 
in  tile  yield  with  the  h«'avier  irri<ration,  hut  not  a  proportional  one. 

At  Wheatland  in  1M»:J  the  amount  of  water  applied  to  two  different 
varii'lie>  <if  oat<  \aried  hy  nearly  liA  in<*hes  in  (h»pth.  The  variation 
in  amount  of  water  used  on  different  soil>  is  very  marked,  and  will  be 
considered  under  a  separate  head. 

The  diil'ereiice  in  the  amount  of  water  used  on  winter  and  spring 
tri'ains  i>  wrjl  hrouirht  out  in  the  tal)le.  Winter  rve  at  Wheatland 
i'eceive<l  onlv  two-thirds  as  much  water  as  si>rinir  rve,  and  the  differ- 
ence  is  :i)>out  the  >ame  hetw(>eu  the  amounts  applit^d  to  winter  and 
>pri!ij^^  whe;it.  (irain>  planted  in  the  fall  may  he  kept  alive  hy  the 
<c;iiity  moisture  throuji"!!  the  winter  months  and  he  hrou^ht  to  early 
riiaturity  hy  the  heavi<M*  rainfall  of  the  s])rin^r  months  along  with  a 
little  irrij^^ation.  Our  climate  is  so  dry  that  winl(»r  j^^rain  is  very 
uncertain,  and  wh(*n  it  (h)e^  not  actually  die  out  in  the  winter  only 
small  crops  are  ohtained.  Winter  rvi'  is  suiliciently  hanly  to  do  very 
well,  hut  winter  wheat  is  not  a  prolitahle  crop. 

The  averaj^e  depth  of  water  used  on  iriains  where  more  than  one 
mea^urrment  has  heen  made,  in  Wyomin«r.  includin<r  the  measure- 
ment>  at  Wheatland  and  Larami<>  hefore  l.v.):^  and  thos(>  in  the  table 
on  l>aj;"e  'X\,  are  a'^  follows: 

I i;irl«  y 1 .  «I 

Oat-,  7  iiica.'-nn'nu'lils '2.22 

\lvr,  L*  iiU'iiMirrliirlits \.'.M 

Wllrat.  -  Tlica:-lirrllUMlt> *J.  H2 

()atsan<l  wheat  reouire  more  water  than  cither  harlev  or  rve,  and 
no  louht  rve  can  he  produced  with  less  water  than  anv  of  the  other 
«'e  reals. 
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Olio  of  tlirso  suys  lio  does  soino  fall  irrigatin;;  and  he  lielieves  be  can 
iiiuki^  )K>noKrial  uso  of  tho  wator  for  the  i)ericKl  from  April  15  to 
XovoiniMM'  V).  Oiii;  mail  on  the  liai'amie  plains  has  no  irrigating  sea- 
son, ])ut  applies  the  water  through  the  entiiv  year,  running  it  over  the 
land  when  and  where  he  esm  in  the  winter  as  well  as  in  the  summer 
time.  The  land  irrigjited  in  the  winter  is  i-oveivd  from  1  to  2  feet 
deep.  This  land  is  not  again  irrigatcnl  during  the  year,  and  yields 
about  three-fourths  of  a  ton  of  native  hay  {xm*  aeiv. 

For  individual  erops  the  time  lietween  the  tirst  and  last  application 
of  water  is  sometimes  very  short.  Wlieiv  a  crop  is  produced  with 
a  single  irrigation  the  water  may  all  l»e  applie<l  in  one  or  two  days, 
de|)4'nding  on  the  area  and  the  methcKl  of  running  on  the  water,  and 
where  mon*  than  one  irrimition  is  criven  onlv  a  fewdavs  mav  intervene. 
A  few  instances  from  aetual  pnirtiee  will  illustmte.  The  time  lietween 
the  tirst  and  lust  applieation  of  water  to  native  hay  on  a  ranch  near 
Ijaramie  in  iv.^s  was  ninety -four  days.  On  the  ex|XM'iment  station 
farm  ninety-tive  days  intervened  Ix'tween  the  tirst  and  last  irrigation 
of  alfalfa  (which  also  represent*^  the  time  from  the  first  to  the  last 
irrijnition  on  tiie  entire  farm),  tiftt'en  davs  with  rv«»,  from  fourt«*en  to 
sixty-nin<'days  for  diirerent  plats  of  oat>,  from  ninett^en  to  thiity-eight 
<biys  with  wheat,  t wenty-nim'  days  with  peas,  tifty-one  days  with  sugar 
iMM'ts,  tw<Mitv-ei^ht  davs  with  potatoes,  and  as  few  as  thirteen  davs  with 
!)arh»v.  Sui'h  intervals  of  time  rei)res<»nt  the  season  during  which 
appli<*ation  of  water  was  nia<le  t<>  the  different  <'rops.  It  will  he  notiiH*d 
that  the  i)erio<l  varies  greatly  for  tlh»  same  kind  of  plants  on  ditTeivnt 
fields  in  the  same  sunnner.  This  variation  mav  ))e  int!uenee<l  l)v  such 
natural  causes  as  rainfall,  condition  of  the  soil,  and  the  length  of  time 
retjuircd  f<n"  the  vari<»ty  heing  cultivatecl  to  reach  maturity,  hut  it  is 
larg(*ly  due  t<»  the  opinion  of  the  farmer  as  to  when  and  how  often 
a)>plication>  of  water  are  ntM'dtMl  and  to  limitations  in  his  ability  to 
apjily  tin*  wat4*r  at  a  given  tinn*.  Two  fields  may  api)ear  to  need  water 
on  the  same  date,  but  two  or  three  weeks  may  ])ass  after  )N*ginning 
the  irrigation  of  one  before  water  can  Ik*  turned  on  the  other.  The 
leni'th  of  time  between  tiie  fir«^t  and  «^i*cond  or  betw<'en  the  s(»eond  and 
third  irrigations  is  e(|ually  uncertain,  although  with  some  crops,  such 
as  ]>otatoes  or  fruits,  tlie  irrigations  follow  each  other  with  great  regu- 
larity, after  having  been  begun.  It  seems  to  be  the  general  opinion 
that  for  these  <-ro])s  the  soil  sh(»uld  not  b(»  allowed  to  dry  out  after  the 
first  irriiration  till  tln*v  have  completed  their  <rro\\th  and  the  time  of 
ripening  '\-<  reaclnMl. 

SEASON  OF  USE  AND  OF  GREATEST  SUPPLY. 

Th(»  rcdfttion  of  the  water  supply  to  the  tim(M)f  use  is  a  most  intimate 
one.  Without  reservoirs  for  storage  the  time  of  use  is  (h»fin«'d  by  the 
tlow  In  tlie  ^^treams  furnishing  the  su\^\>ly.     Fovtvwwvtely .  <.»vev  a  lar^ 
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part  of  the  arid  region  the  streams  on  which  irrigation  depends  have 
their  sources  in  high  snow-clad  mountains  and  in  forested  areas  at  these 
high  altitudes.  These  are  the  great  natural  reservoirs  which  furnish 
a  practically  perennial  supply,  and  from  which  the  maximum  discharge 
occurs  at  the  beginning  of  the  growing  season  and  occasionally  ap^*>roxi- 
niately  close  to  the  time  the  largest  amount  is  needed  on  the  dry  plains 
below.  Where  the  streams  are  torrential  in  character  as  is  usually 
the  case  if  they  head  in  barren  uplands  or  in  deforested  mountain  areas, 
the  supply  is  uncertain  and  the  time  during  which  the  flow  continues 
is  short.  It  often  occurs  that  a  stream  has  water  in  it  for  so  brief  a 
period  that  little  use  can  l)e  made  of  it  for  irrigation.  In  such  cases 
storage  is  the  only  solution.  With  no  means  of  holding  the  suppK 
until  it  is  needed  the  irrigating  season  is  not  long  enough  to  mature  a 
variety  of  crops,  if,  indeed,  enough  water  can  be  obtained  to  mature 
any  plants  at  all.  To  supply  the  crop  the  irrigator  under  such  condi- 
tions must  use  the  water  when  it  comes,  regardless  of  the  then  existing 
needs  of  the  plants,  and  let  the  soil  store  up  what  it  will.  Much  of  the 
supply  in  the  Southwest,  including  parts  of  New  Mexico,  Arizona, 
and  Texas,  comes  from  torrential  streairis,  and  the  time  of  greatest 
flow  is,  unfortunately,  not  the  time  of  greatest  need.  In  the  Dakotas 
and  Kansas,  where  artesian  and  other  wells  are  used  for  irrigjition,  the 
supply  is  continuous,  but  as  a  rule  is  so  small  that  some  means  of  stor- 
age is  necessary  in  order  to  obtain  a  suflacient  head  to  irrigate  large 
areas.  In  the  other  irrigated  States,  including  Colorado,  Wyoming, 
Montana,  and  Utah,  the  main  streams,  as  a  rule,  are  perennial  in  char- 
acter and  the  time  of  greatest  supply  is  extended  through^  a  consider- 
able portion  of  the  growing  season.  In  many  instances  streams  which 
were  once  perennial  have  become  torrential  by  the  destruction  of  the 
forests  over  their  catchment  areas,  and  in  all  such  cases  the  mountain 
storage  of  snow  and  ground  water  must  be  supplemented  by  artificial 
storage  before  the  greatest  development  can  be  brought  about. 

Out  of  twentv-three  answers  made  bv  ranchmen  in  different  parts 
of  W3^oming  to  the  inquiry,  ""In  what  month  do  you  need  the  largest 
amount  of  water  T'  thirteen  replied  that  the  greatest  amount  was 
needed  in  June,  seven  said  their  greatest  need  was  in  July,  and  the 
others  stated  that  it  was  in  July,  August,  and  September.  In  general, 
the  principal  crop  irrigated  by  those  who  need  the  largest  amount  in 
June  is  native  hay,  the  use  of  water  in  other  cases  being  largely  for 
alfalfa,  grain,  vegetables,  and  fruit.  The  answers  to  the  question, 
""In  what  month  in  the  irrigating  season  do  you  use  the  smallest 
amount  of  water T'  are  equally  divided  between  May,  August,  and 
September,  while  one  stated  that  his  smallest  use  was  in  October;  and 
another,  an  excellent  and  most  intelligent  farmer,  in  northern  Wyo- 
ming, stated  that  he  used  tin*  least  water  in  fJuni^  and  the  most  in  July, 
on  wheat,  oats,  alfalfa,   and  grass.     The  \v\\.t^Y  Vl\^»L5e^^^x^w\'^\>^  ^^[^^^i^ 
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huvo  )mmmi  nmdi*  j^iv^  some  detiiiiU'  information  regarding  the  time 
of  iniiximuin  ust'  in  tin*  IcR'alities  where  they  have  been  carried  out. 
Tho  following  tn}»Ie  and  Plate  VIII  ^ve  in  detail  the  amount  of 
wator  usimI  and  tho  tinii*  of  its  use  through  the  HeaM>n  for  each  crop 
uiKiii  which  watiM*  measurements  wei*e  made  at  Wheatland  in  1893. 
To  show  the  actual  ^rowin^  s<>ason  of  each  erop,  the  dates  planted 
and  harvt'sted  are  also  n'jH>rted. 

'fhr  'fl/*trHinflnn  tif  irri/fntitni  fUntHifhotit  thr  mutMm  iit  Whftitlaml^  ^^'yO»f  1S9S, 


(nip 


Water  iippllwl    -.  ,  ,       , 


I'lu'h  irrigation.! 


MTU. 


'">■     Mjrfatf. 


A I  I'm  1  in 


.Iniu-.  iv.M 


liurli-y,  :'.  Miri«'li"- \|»r. :".. . 

Corn,  Mii:iH'S4iiM  Kiir^  ...    M»>  1-'. 

Apr.  11 


^'iiiii' 


Oii!s,  <;iiuil  **ii|i' 

o.ii".  K^irl\  AnliiiTiLM  1. 

l'i>lnt«»f^.'J'_'  vnriftir-   . 

Ky».-prim; 

I J  \  •  .  M  1 1 1 1  i  •  r        

-^u-jii :   '"  I  I  -.  I  \  .1  r  i'l  I"'"- 
'I'Mniil  li  \ 


Aj.!-.  I  . 


M;i\  1... 


M.I 


I  )il 


vi_ 


M.i\   I 


Mny.lV'J 


t'u.  ft. 

Ajir.  l•^  :U,10J 

.Iiiiii'  'S\  llMHW 

.hih  1::  !  ll.-J-'Ki 

.hil\  J-'i  '  J-J.IKK  , 

A 111^.  \2  ll.'j:ni 

.Iiini'  •.•<»  .  IJ..VJ.S 

l.hily  I  '.i.lKki 

|.IuI\  :'.  VZ,\fM\  I 

July  1*2  .  IMII 

lAii^r.  7  IT.'X) 

iJiiiif  1 1  :it..Miil 

Jniu'  JT  JJ.  nil 

l.iiily  s  :;s.oii; 

Jiiih*  "J  :?«Kiwl* 

.run*'  '.•  1.1. '.»H I 

.liiiH-  J I  II.j'h; 

.hih  1  l.>.>tM 

.Imii-  ."•  iu.i«w 

.liMir  li  L»ii.  :^^^^ 

.luly  .  -Jl.li;^ 

.liilv  JO  T.TTii 

.hiiu'  J I  ••.OTJ 

.Inly  >  '•..MU 

.hil'v  is  7.  77ii 

.liily  -.'I  I :{>•_•  I 

Atiir  I  lo,:;ivs 

Ani;.  17  ll.J.iJ 

.Iiiiii'  .»  .!'J..VP«'i 

.hiiM-  I'.i  Jl.i-oo 

l.liiiii*  :'■<)  ll.iri.l 

l.lniii-  J  J.i.  l-^s 

i.hmi-  17  iJ.'.f-Ji 

.liiiH-  17  ;!.  jiii 

.hiiii-  -M  --J.  Ii'.l 

.Iiih  •^  I  ..  I..' 

.Iiil\  !'.»  •.■"  ~\> 

.iiih  :i  17.  J"*!! 

Miiy  m  •_'»  l''^ 

.\|ji\  .;ii  |v.  i7i. 

.liiii.-  I'l  •..'  I.  .;•»! 

.Iiinr  .^t  Jli.-HM 


Flit. 
0.71 
.  II 
.:u 
..*il 
.:ti 
.  ■_»•.» 
.  10 
. '.«» 

.2:1 
.'J** 
'.  IJ 
.  to 
.7i» 
.  .VJ 
..s7 
7i» 
.:C 
.:w 

■  1^ 
-If 

II 
.  17 

.  !•♦ 

l.H 

.Jl 

.  I.s 

■■•I 
.  ■>. 

.J  I 

.  .1.) 


Qimn- 
tity. 


li::.  IM 

:w.  7 14 
17.  Vji) 

'.«:\OIU 
7«'..  «iHi 

iis.-jia) 
r.i,77t'i 


'  .'•«'•,  iiui 


Depth 

offrri- 

jgation 

■ and 

Depth  iminlaU 


over 
Mirface. 

hYti. 


n-lM) 


■2.  IM 


1. 


1 1 


t:i 


.lUIH-  !"< 


Will  .If    \\  lull-  Ki|.->l:ili 
Wh'  iit.  l-iili/  wiiili-r  .. 


Miir  J'.» 
nii.:j.  isirj. 


J.hiiM-  17 
■  •  ■  \  iiii.<.  ■•II 


.liHic  :'•() 
.Inly  7 
.It nil'  '_' 
Jiiiu-  17 


17.71.' 
;'(i.i.7j 
l... '.«M 
li.<>i>i 
M.trfl 

1"»    I  »J 


.■>'.»  I 
M^  I 
71     I 

..*'!    I 

.  -Ki 

.  J.s 

.  Id 

\; 

17 

.  II 

.  7<> 


;>.  I  is 


Hi7.  l> 


1.  U 


jy 


HS 


\u 


i"j  .>! 


^  I 
.    f 

■'.•    I 


•  ■'.'.'•"'I 


II. din 


I  '>] 


'.•I 


for 


Date 

har- 

TeMed. 


(July    A 

'J-MTi  {Aug.    9 

K'pt.  16 


.\fl        1.07     July 


I.IV        1. 2:t  :  8i>|it. -24 


2. :« 


Ailff.    ft 
1.K!     Aiix-  16 


I. ■•7        2.10     Alig.  29 


1..V>  Oct.    16 

1.4:t  July  M 

l.<r.»  July  15 

.'.(iU  Aug.    6 


.'.4K     July 


1.7i>  !  Aiiff.    8 


l.<t^    July  25 


.' K<«r  llii- liim*  lH't\vr««n  first  aiitl  Insi  irriKiilion.  iriclu'liiiu'  .  l^' i'l'ln-^  nf  ruin  'Julln-  ntlior  flgurofi 
in  Mii^'-'ilninn  ti'M  l.(',()  iiii-hi-Mil'  raiiifiill  forilipili  ri<«'tM-<l  >>>  ww  liitnl 'liiiinL.' i-niin-  >(.ar.  Total 
riiiiiiall  i«»r  lli«-  vi-ar.«i.  12  iiu-lu'^. 


47 


With  annual  crops  planted  in  the  spring  the  firHt  irrigation  occurs 
from  one  to  two  months  after  sowing  the  seed.  Winter  gmin  planted 
in  the  fall  receives  no  water  })v  irrigation  till  late  the  next  spring, 
when  enough  is  applied  in  one  or  two  small  irrigations  to  mature  the 
crop.  Hay  crops  may  be  irrigated  as  early  as  April  or  May,  but  as  a 
rule  irrigation  of  cultivated  crops  does  not  begin  till  June,  or  in  some 
cases  till  as  late  as  July.  The  table  shows  that  the  last  irrigation 
usuallv  occurs  about  a  month  })efore  the  time  of  harvest.  Water 
stimulates  growth,  and  it  is  found  necessary  to  stop  irrigating  suffi- 
ciently early  to  allow  the  plants  to  properly  mature  before  the  time  of 
frost.  Grains  are  usually  irrigated  the  last  time  when  beginning  to 
head  out.  This  leaves  sufficient  moisture  in  the  soil  to  insure  plump 
grain  and  gives  auiple  time  for  it  to  reach  maturity.  Where  rusts 
prevail  in  the  gmin  it  has  been  found  that  keeping  the  soil  wet  after 
the  plants  reach  full  growth— i.  e.,  after  they  are  headed  out — stinui- 
lates  the  development  of  such  fungus  diseases,  but  where  water  is 
kept  away  after  the  time  of  heading  little  difficulty  has  })een  experi- 
enced from  rusts.  It  ap|xnirs  from  the  results  given  in  the  table  that 
more  water  is  supplied  at  the  Hrst  irrigation  than  in  later  applications. 
This  is  proba})ly  due  to  the  fact  that  the  land  is  more  porous,  as  it  is 
nearer  the  time  it  was  plowed,  and  also  that  the  soil  has  become  more 
effectually  dried  out  than  it  is  after  once  becoming  compacted  and 
thoroughly  soaked  at  the  time  of  the  first  irrigation. 

Averages  of  the  amount  of  water  used  at  Wheatland  during  each 
month  of  1893  for  different  crops*  are  given  in  the  table  below.  In 
this  table  the  measurements  have  been  reduced  to  inches  in  order  to 
make  the  differences  more  apparent  than  would  be  the  ca«e  if  stated 
in  fractions  of  a  foot. 

Mnnthhi  fVmtr'OmtUm  of  irrigation  wf tier  at  Wlieailmui,   ^Vyo. 
[Depth  in  inches  over  surface  irrijfate*!.] 


Month. 

Alfal- '  Timo- 
fa.     '   thy. 

Com. 

Bar- 
ley. 

Oal.s. 

Spring 
wheat. 

Winter 
wheat. 

Winter 
rye. 

Flax    '?"8^*^r 
'^'"-^-  |beet«. 

Pota- 
toes. 

April 8.57 

May 

12.14 

1            i 

June 

July 

f).  23 
10 

1G.07 

*8.*:«' 

4.76 

8.21      11.02 
2.74  1  11.43 

a2.12 

1 

16.07 
3.21 

11.30 

10.59 

15. 71 
10.47 

14.76 
14.75 

2.50 
8.57 
5.95 

August 

September . 

3.45    1 

1 

Total. 


8.57 

1-2.14 

112.06 

69.50 

16. 76 

3.43 


a  In  lS89only. 

From  this  table  it  appears  that  the  greatest  amount  of  irrigation 
occurs  in  June  for  all  crops  except  potatoes  and  alfalfa,  which  receive 
the  most  water  in  July,  and  it  indicates  that  whether  a  farmer  needs 
the  most  water  in  June  or  fluly  depends  on  the  kind  of  crop  of  which 
he  has  the  largest  area. 


*  The  averages  for  oats  and  jM)tat(>t»H  include  measurementH  made  by  Territorial 
Enjrineer  Mead  in  1889. 
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Tlic  followiiijr  t:il)l»»  ^iv<»s  in  (Ictnil  tho  distribution  of  imgation 
throii^^hout  tho  srasoii  at  Ijtiminio  for  tho  y(Mii*H  1S*J5  to  18i^8«  inclusive: 


<  'i««p 


piiiiii«<i. 


i>ii(t> 

irriKiitod. 


WiiliT  UM'il  at 
itH'h  irriKHtl«>n 


lity. 


Depth 
surfiwc. 


iv.»"». 


i'lt.  0.       h\*t. 


All  «  ri»|is. 

l'«»tlltlM".i    . 


Miiv  II 


MiiyJI.jTK. 


'riiniii"^     iiii<i     niui    '\ 


A  Mil  I  fit  . . 


I 


Miiv  II 


May  27.  IS*..    11.077 
Juno  IV....   •JT.itf<-J 

JnlvU I7.«VJ'J 

\\\ii.  17- IV.'  .V..:iVj  . 


1 1 .  liKl 


N.»«"..  I 

.  ,^.,,  I.TiiMi'  17 JJ.'vVi  ' 

'  '  '  |.Tiilyi:{ '11,HM  • 

r.url..y.-.MarMi.,   .,Aprn  ..:...[;«::::;   ^^;;;« 

Harlj-y,      <hiH.     aii'l    Ui.,,  ■  \.hi\'\'2 ■  ll/iU'i 

whni! J .  ni>  •»  . .  .    .  J  jj,|y  .^,y j  .,.j  y^, 

i.nilv;i-7....  :ts.7i:» 

Lini'v  :j»» '  iri..vj.'> 

l.inlv  j.:t ^H/jin 

iJiily  j-J.'J:j..  :rj.yiH 

Auk.  >«  II  ■  ■  i:(.s<'i4; 

hilvi....  1-^'"' 
|.Iulyj:{  J."!..    in.Kmi 


<>anli'ii  (fnrniw  irri-    i 

^atiih r 

<;nilii    (furrow    irri     I  ..  ,  .«.  ... 

Kal.-.li ,Ai.r.J«)  _l 

J'olatfH'v 


Wln-at  (IX  varji'tii'^j..  \. 
oai^  .:?  varlrlirv f'^»"^     * 

;  Miiy    •» 


\Vh«*at  aixl  <>iil<>    -(m] 
IiiihIi   


.lulv    :'.! 


II.hn; 


I'<'.»7. 

tJiMJn  /* Mn> 

( >iiN.  rvf.  tmrliN  .ami    i 


tla\ 
I'lii- 

l>i. 

I'ltlaliM- 


..  I 


Whrai  lilliiuiil  Nil.  Iiii  | 
()al»  il.iut'olin I 


i.iuiv :;-.'•....  ji.j'ni 

i.iurvj«.» ■S2.U>> 

i.FuiM- jiJ.ia).  ii,j«L"» 

ji.hilyi'>» jx.usii 

j.IihIi' 'Jii...  -.•«». (n»:i 

,i.luly  :ui.::! ..  -iLtUN; 

i|Jul\  I   ■_• «.Hi.'.»I«i 

MAuk.  j :;«.!.  \\rj 

1„„..  .  ,-     M"lv:'.l I'.M7.-. 

■'""       '-    lAut'.  k;....  fi.rr.j 

l.linir  L'.S-'JH.  7u.  .V4) 

i.luix  ^7 :;»..  I'lj 


Mn\  II. 

Apr.  J I 

\pr  :: 


\pT    .' 


\ifiill:i  ilir'i  V  <  .11 


[.luui-  iv  L'l  .  '.«>.  l::i 

July  _t»  ■2-2  .  Mil. '.i:{s 

Mm\  lu  1 1        AULT.  ;m»  III  I7."i_'.i 
.-tpr.  .:. 

><pt.  r>  -'I  .  I'l.  I'M 

'  .Inui-  |.»  l^  fi".  '.JT 

'  .Iiilv  I  •■.  ..  Jl.Tlu 

A.t.ii;.!             .    .                Mii\.  IVM..    .luly  j:'.  J-i  .  Iii.;:.V. 

.■^ipl.  I.  J  . .  ::.«.|7 

-i-pl.  1  I.  l>>  .  •..(•'.•■J 

|!.irl.v.    IliiTli  l;i  ml    i            ^             |.hMifL'*.» .    ..  hLV-^I 

("liit'l" j.xpi...            I  Inly  II.  IJ  :;."i.7.'7 

I  )• » I  V  «  r   1  s  I 

<»Ml.v.Snrpri-«' 11^1 |.;..ii.' Jl  .  . . .  11. --Ik 

Whi'Ml.  Mi.nh    III    rjr,.js     "       ''ilv  I:;  .    .  ::.;. .:!'.> 

j.hjin- _".». :'.«'  7«'.  <'■-•".• 

.Miiy  11 July  1.  .   .  :'..•...•.'.« I 

Isipi.  I I-  :•.'.•.' 

Jun«-j;:.ji  .  :■.•,».'.» I '.« 

,,..^.                             ,Miiv  II Julv  i:.  ...  17. Mil. 

'••'>   '       ■                  Iauk.::I  ...  II.7.-.S 

•  •.it»-.."^iirprisi- Vjir.  JO lutp-A' :".fi.  j»»7 

<».ii>.  ltnii:iM/ji «li» Inly  '.«  1.;  .  :i(;  (w»« 

•  'jit".!.!! Ill Vpr...':{ Mi^r    ; In  lln 


.•^(•(ilcli 

Ilrnrni-    y  i  n  ^  s     tii^l     | 
y«iiri    j 

«»:il-    iill'l     MI'll     fur     I 


(».  27 

A'A 
.  10 

I .  -il* 


TotHl  WMtiT 

iiwfl  forthvHi«- 

Nlll   IKTRCn*. 


QllHtl- 

llly. 


i'u.n. 
.'SO.'iM'i 

ii.r>K{ 


iH'ptll 

Murfkce. 


Iicptb 
of  Irri- 

■K«tiou 
And 

ralnrall 
for  th«* 

aoiiRin.ff 


IS   I 


'.«; 


,  i;;  ]  7i..ii»i. 

.  l'»    I  ..,..  .,..- 
'  ^^    ]lu7.ui. 


1    li 


III 

Ml 
•i 
>"i 

'I 

I    I 


II    ..   IMI 


I     <•<•      I 


■•«.      I     . 


■•-■  I 

■7    I 

^•'  I 


I  .■' 


:| 


.-l'     I 


■  'I. 


iNilP 
hurvt^iiHl. 


1.154       I.Ki9  i 
.27    ,      .M4     Sc|it. 'Jii. 


1 12. 7:fci       2, rf)         A, 2»rl  ,  (hi.  12. 


1 .  in« 

1.21 
1.4.-. 

1 . 2:» 

1.40 
.  :i2 

1.21 


l.;V, 
I.. V.I 
1.71 
;i.  1.: 
t.l 
■.'.  i»; 


IL'I".  .:vs       V. 'i7 


■'  iji 


.'  ".I' 


I    JHrpt.  W. 
l.iiOCi     AiiK.ll*2H. 

l.WHi     .^I'pl.  12-H. 

1.7hii 
.  71  r. 

'  '^■''    1     Si'pt.   10. 


II. km;        .«.»;        i.iLVi    s«'pi.  U.V 


l.«JII 

2.(N»1 

J.  121  Oil.  ^-i;. 

:'...V41  <»€•!.  ir.J. 

1.021  <h'l.  2-y 

2.M7I  S,-p|.lH-l7. 


Millv      15 
:''.:i\\    I    aiii|S«*pt. 
I    7. 

(July     14 
2.'.>Nl    {    HmlStrpt. 

;.ik;     Aii»;.:iU. 

lAnff.29. 

.■  I".'     Auk.  1:J. 

IAuk.21». 


,    '.I .: , 


I     ■■  , 


i.Vuir.:?. 
i"^«-pi.  — . 


<' A«M  ;'..«h;  iiH  hi",  (rainfiilli  furdi-pih  n-n  iviij  l>\    iiiinl  <l  ;iii..   >:i:ii> 

iiirlM-'^iii  iyn;.  7.02  iin'hiv«*  in  l.'*".»7.  ami  .*..ol  iih'Ih'^  in  Iv*'-.  IIm  loi.r  i.isiii. 
!»•!••;.  lo  7.1  iin-lu-x:  I'^'.C  ll.'.c.i  iiii-hf-i:  l.s'.».<%.  7.1.:'.  imli'-. 

A/d'fiiii'ii /itiOainl  ♦ilH.i  Viiri'tii-s  «'f  wliiMl.  <mt-   iiml   liMrl-  ■   i':i:ii.rl    .i,  n 


■    I  \-.y.2.^ 

>ll  i:.'.-i' mil    I >•■!:•  "I    ill   lS',i.*t,  fi 
ill  l->l   I  "'■••I  .'.  ii«   11.1"!  iliflK*!^: 

•w*   .iiii]   '!:il.m!<-iI     II  .'»ninll 
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IHstributuyn  of  irrigation  throughout  the  seasorif  Wyomirig  Experiment  Station,  Laramie^ 

Wyo,,  1896-1898—Q<yniin\xed. 


Crop. 


Dat« 
plauted. 


Date 
irrigated. 


Water  used  at 

each  irrigation 

per  acre. 


Quan- 
tity. 


1898. 

Oats,  Lincoln  (on  .sod)  i 

Oat»,    Purprine     (on 
subsoilea  land)  — 

Peas 

Potatoes 


Do 


Rye 

Sugar  beets  and  nita- 

Wheat ,   Blount    No. 

16 

Oalp,  Lincoln 


{June  23 
July?.. 
July  28. 
June  27 
July  11. 
June  28 
July  8  . 
July  27. 
Julv  7  . 
July  28. 
Aug.  1 . 
July  28. 
Aug.  4  . 
June  21 
Julv  6.. 
Julv?.. 
Aug.  27 


JMay  10. 
Apr.  1<'». 

May  11. 

....do. 
Apr.  29. 
May  24. 


1} 

11,.-  1**  /June  2ft 

^^^•^^ '{ July  14. 


Wheat  (5  varieticH) . . 

Wheat,  Surprise,  and 
cultivated  grain... 


Apr.lH-22. 
May  10. . . . 


June  25, 20 
Julv  12.... 
Aug.  2.... 

/June 27  ... 

\July  11-14. 


Cu./t. 

51,517 

37,410 

23,(>52 

111.941 

48,894 

72, 179 

32,640 

19,490 

36,900 

7,425 

5,500 

7,425 

5,500 

28,829 

29,294 

50.625 

19,250 

35.280 
40. 573 

74,486 
34,846 
48,670 
54,460 
13,017 


Depth 

over 

surface. 


Total  water 
used  for  the  sea- 
son per  acre. 


Quan- 
tity. 


Oi./l. 
112,579 


1.71 

.80  ^158,001 

1.12  I 

.30  r  ^''•*" 


Depth 

over 

surface, 


Fret. 
2.58 

3.69 

2.86 

1,15 

.30 
1.33 
1.60 

1.74 

3.63 
1.55 


Depth 
of  irri- 
gation 

and 

rainfall 

for  the 

seasonxr 


Fed. 
2.946 

4.073 

3.243 


Date 
harvested. 


Sept.  3. 
Aug.  17. 
Sept.  21. 


1.533     Sept.  27. 


.683 
1.713 
1.983 


Do. 
Aug.  13. 
Oct.  1. 


o  I'yi   J  '*tig.  29. 
^•^^^  tAug.l8. 

1.9:«     Aug,  17. 


a  Add  3.06  inches  (rainfall)  for  depth  received  bv  land^uring  entire  irrigation  period  in  1895,6 
Inches  in  1896. 7.02  inches  in  1897.  and  3.04  inches  in  1898,  The  total  rainfall  for  1895  was  11.15  inches; 
1896.  10.75  inches:  1897,  11,99  inches;  1898,  7.63  inches. 

From  the  table  it  appears  that  the  season  of  use  of  water  on  the 
Laramie  experiment  farm  is  between  the  latter  part  of  May  and  the 
last  of  September,  or  a  total  of  about  four  months.  From  one  to  four 
irrigations  are  given  the  same  crop,  and  almost  without  exception  the 
first  irrigation  is  heavier  than  later  ones. 

In  1898  measurements  of  the  water  used  on  a  ranch  on  the  Lammie 
plains  showed  that  the  most  watei  was  use,d  in  June  and  the  least  in 
September.  The  proprietor  of  this  ranch  supplied  52  acres  with 
water,  of  which  43i  acres  were  native  hay.  He  used  20.04  inches  in 
June,  9.36  inches  in  July,  15.6  inches  in  August,  and  0.0192  inch  in 
September.  Measurements  at  the  Wyoming  Experiment  Station 
in  1895  show  the  following  average  amounts  used  in  each  month, 
including  all  crops: 


Average  amounts  of  irrigation  %vaJter  umA  on  all  crops  during  1896. 

Inches. 

May 0.31 

June 5. 84 

July 2.87 

August 1.63 

September 2.30 

October 65 

17994— No.  81 4 
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Knou^h  water  was  used  to  cover  all  the  land  under  cultivation  to  the 
de])tii.s  ^iv<Mi  oarh  month.  In  reality,  all  the  land  was  not  irrigated  ia 
any  one  month,  and  only  a  Hinall  fnu*tion  of  it  received  water  during 
any  of  tho  months  except  June.  The  crops  were  potatoes,  turnips 
and  ruta-lNiyfa.s,  wheat,  oats,  Imrley,  rj'e,  alfalfa,  and  general  garden 
cro|:)s. 

The  tivem^e  depth  of  water  used  eat*h  month  on  each  crop  at  Lara- 
mie, so  fur  as  we  have  data,  is  given  in  the  following  table: 

Airnnjt'  df/tth  nf  imhr  luu'if  fitrh  mmiih  on  mrioiu  cropn  at  Laramie ,  Wyo. 


Mimth.  .VlfKlfii.   (Intv.      Pi-a.o.      <»iitH.  .  Barlvy.     Rye.     Wheat.   SSST      tSIt^  |  TotoL 


A),  rt) 
10. :« 

Inrhff. 
20.  .v.* 

io.«rj 

Inrhtn. 
15.21 
9.H5 
1..% 

Inrhe*. 
\X  ir> 
11.10 

InrhTB. 
7.92 
H.(M 

Inrhe». 
13.71 
10.  M 
1  a  13. 34 

Inches. 

"iiw* 

5.28 

Ineke$. 

'"i'ii* 

2.44 

i(B.n 

81.45 
42.16 

.20 

7.20 

6 

Jiiiii' i:t.  n; 

July h.T2 

AiiK"Ht ' 10. :« 

SfitU'inlMT 7 

Octijbcr /Ml 

aOnt'pIiit  irri)oiti'«l  in  .\ti)rii«<t  (iii«>  ymr.    Iii«lx  olhor  incHHuri'inentK  on  whuit  ll  wm  Irrigated  In 
JiiMi*  aiitl  July  only. 
bThi.H  is  an  i>stiniiitfor  <li'ii(h  <>f  watiT  umiI  one  ocIoIkt  to  U*«t  the  valuo  of  fall  irrigttCion. 

It  will  l>e  noticed  timt  the  hir^est  amounts  were  used  in  June  on 
alfalfa,  j^rass,  oats,  l)uri(\v,  iiiid  wheat.  Peas,  rye,  sugar  beets,  and 
|K)tato(*s  HM-eived  the  most  water  in  July.  I'sually  irrigation  does 
not  he^in  at  the  exiMM'imnit  station  until  the  middle  of  June,  and 
])ra(tically  no  water  is  used  in  SeptemlnM-.  A  little  fall  irrigation  may 
i)e  done  in  ()rto))er  to  kvv\)  alfalfa  and  fruits  from  drying  out  during 
till*  winter,  rsiially  those  who  inijrate  larp*  tniets  of  hay  land  nec- 
essarily turn  their  water  off  l>v  the  middle  of  Julv  in  order  to  harvest 
the  rrop.s  and  althou^^h  the  amount  tlowintr  in  the  river  is  so  small  at 
this  time,  it  ^(Micrally  i)rovr>  suflieient  for  tho.so  crops  which  need 
irri«^itin^  in  tlu*  latt^T  part  of  \\w  scascm.  This  condition,  however, 
would  eilVcuially  i)revcnt  tlh-  fanucr^  <'han<^nnjr  tlu'ir  present  83'stem 
of  croppinir  to  any  ^i^vrni  extent.  Should  ev(M'Vone  plow  up  his 
meadow,  which  neiMl.^  the  early  .supply  of  water,  tmd  plant  i)otatoe8, 
that  iitM'tl  late  water,  the  shortness  of  the  irriiratintr  season  and  its 
tninsfen»nce  to  the  lattiT  part  of  sunnuer  would  at  once  produce 
wati'r  famine  and  restrict  Irrijration  to  a  few  early  priorities,  while 
others  woidd  p)  without.  There  must  necessarily  l)e  >ome  adjustment 
betw(MMi  tln'  time  <)f  supi)ly  in  streams  and  tlie  time  of  necessary  use 
in  irrij^ation. 

THE   IBRIGATING   SEASON   IN   LAW. 

Tlie  water  law  in  Wyomin*^  i)rovides  that  : 

Vau'U  ap})r()i>rijition  shall  UMloteriiiim'«l  in  its  priority  ariil  ainnmit  hy  tli«»  time  by 
which  it  shall  have  U'eti  made  and  theaniotiiit  nf  watrr  whirh  ^hall  have  Ikh>ii  applied 
for  U'lieficial  purirost*s:  Prbnded,  That  siirh  apprnpriatnr  AnxW  at  no  \\\\\v  U*  eiititloil 
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to  the  use  of  more  water  than  he  can  make  beneficial  application  of  on  the  lands  for 
the  benefit  of  which  the  appropriations  may  have  been  secured,  and  the  amount  of  any 
appropriation  made  by  reason  of  an  enlargement  of  distributing  works  shall  be 
determined  in  like  manner:  Provided,  That  no  allotment  shall  exceed  one  cubic  foot 
per  second  for  each  seventy  acres  of  land  for  which  said  appropriation  shall  be  made.' 

Section  2,  on  duty  of  water,  in  the  law  for  the  Northwest  Territories 
of  Canada,  reads  as  follows: 

The  duty  of  water,  or  the  ratio  between  a  given  quantity  of  water  and  the  amount 
of  land  it  will  irrigate,  shall  be  one  hundred  acres  for  each  cubic  foot  of  water  per 
second  flowing  constantly  during  the  irrigating  season,  and  division  of  the  available 
water  supply  among  applicants  therefor  shall  be  made  upon  the  basis  of  this  duty 
of  water. 

The  Nebi-aska  law  covering  the  amount  appropriated  is  an  exact 
copy  of  the  Wyoming  law,  and  canal  companies  are  required  to  fur- 
nish water  from  April  15  to  November  1.  In  Colorado  the  law 
requires  that  beneficial  use  of  the  water  shall  be  the  Imsis  on  which 
allotments  are  made,  and  provides  that  dit<*h  owners  or  companies 
who  control  water  for  pay  must  furnish  a  supply  from  April  1  to 
November  1  in  each  year. 

In  other  places  the  amount  of  'water  which  may  be  allotted  an 
appropriator  or  the  time  it  is  to  be  furnished  are  not  fixed.  In 
Wyoming  and  Nebraska  it  is  made  the  duty  of  the  water  commis- 
sioner to  enforce  economy  in  the  use  of  water.  The  user  is  entitled 
to  his  full  apportionment  of  1  cubic  foot  for  each  70  acres  of  land 
described  in  his  certificate  of  appropriation  during  the  time  of  mini- 
mum as  well  as  maxlumm  flow  in  the  stream,  provided  he  puts  the 
water  to  beneficial  use.  In  Canada,  the  term  ''irrigating  season"  is 
used  but  not  defined. 

COHTINUOnS  FLOW  AS  A  BASIS  FOE  AFFEOFBIATIOH. 

Allowing  a  second-foot  continuous  flow  for  each  70  acres  of  land 
does  not  mean  that  the  water  is  allowed  to  run  continuously  on  the 
land  for  which  it  is  appropriated.  Only  on  native  grass  lands  may  a 
continuous  flow  for  the  season  be  used,  and,  as  pointed  out  elsewhere, 
keeping  the  soil  continuously  saturated  is  bad  pi^actice.  In  actual  use 
it  is  impossible  to  keep  all  the  land  wet  all  the  time. 

Flooding  can  not  be  done  with  much  less  than  enough  water  to  cover 
the  land  3  inches  deep,  so  that  to  flood  140  acres  in  twenty -four  hours 
would  require  a  head  of  over  18  second-feet.  Under  the  most  favor- 
able conditions  it  is  doubtful  if  an  expert  irrigator  could  flood  8  acres 
in  twenty-four  hours  with  a  head  of  only  1  second-foot.  On  porous 
land  which  is  dry  a  man  would  do  well  to  thoroughly  irrigate  1  or  2 
acres  a  day.  In  irrigating  small  plats  at  the  Wyoming  Station  con- 
sisting of  from  a  fraction  of  an  acre  to  1  acre,  a  head  of  from  1  to  over 

*  Session  Laws  of  Wyoming,  18^0-91,  cV\a\>.  ^,  *ftt.  *Ki. 
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2  sorond-foot  is  ordiiiiirily  UHcd,  although  it  18  sometimes  as  little  as 
two  or  throo  tc^nths  of  a  s(H*ond-fcK)t.  Whoiv  the  land  isonh'  pnrtially 
irrijiratcd,  as  with  potattK^s,  })y  niiiiiiiig  the  watiM*  in  furrows,  a  very 
small  liiMid  may  somt^tiiiu's  Ih'  used:  but  in  fltKxling  sandy  land  little 
headway  ran  In*  madi*  with  a  fliiw  of  Icsh  than  2  or  3  second-feet. 
Irripitioii  is  thtMi  iM'ccssarily  intrnnittont,  and  in  having  a  variety  of 
crops,  so  that  rotation  in  applying  water  c*an  be  practiced,  the  greatest 
use  can  )h'  made  of  the  sup])ly. 

In  making  allotments  to  the  um'1*s  of  water  it  would  not  be  possible 
to  limit  tiie  time  during  which  continuous  flow  of  a  second-foot  for 
ea<'h  7<»  or  1«M>  iu*n»s  is  supplied  to  the  tinu»  during  which  each  crop 
actually  re<*(Mves  water.  For  the  puriK)se  of  mising  ci'ops,  water  can 
not  )>e  so  us<'(U  and  the  amount  of  water  ohtaine<l  by  the  appropriator 
un<ler  this  system  nmst  depend  <»n  some  arhitniry  length  of  the  soiuson. 

A  4'ubic  foot  pt»r  second  ll(»wing  continuously  for  ten  days  would 
cover  7n  acres  of  land  to  a  (U»i)th  of  H,4  inches:  flowing  for  fifty  days 
it  would  cover  the  land  IT  inches  (hM*p,  in  one  hundred  days  34  inches 
deep,  and  in  a  yt»ar  liM  inches  deep.  The  irrigator  is  clearly  safe  if 
he  <*an  define  hU  own  season  and  obtain  in  the  few  days  his  cro{>s  are 
to  be  supplied  as  much  water  for  ea<*h  Tn  a<'res  of  land  as  a  flow  of  1 
cubic  foot  per  :^econd  for  that  season  would  furnish.  He  may  need  to 
use  in  less  than  fifteen  davs  as  much  water  on  7()  acres  of  land  as  a 
cubic  foot  p<'r  se<-on(l  would  sup]>ly  in  one  hundre<i  and  thirty  days. 
To  do  tin*  irrigating  in  iiftiM»n  days  would  re<juire  ahead  of  nearly  8.7 
second-f<»et,  flowing  day  and  niglit.  This  illustration  is  taken  from  an 
actual  cas<'  that  of  oats  on  subsoiled  land  re])orted  in  the  table  giving; 
water  measun'ments  on  grain  cro])s  at  Ijarami<»  in  ISIIS.  (See  p.  33.) 
A  little  les.s  than  one-half  a^-re  of  oats  wen*  irrigat(»d  twice,  the  irri- 
gations being  fourteen  <lays  apart.  At  tlu'  first  irrigation  the  water 
flowed  seven  hours  with  a  head  of  *2J>\  feet,  and  at  the  second  irri^- 
tion  it  flowed  four  and  thriM'-fourths  hours  with  an  avenige  head  of 
about  1..-5  feet.  The  duty,  allowing  four  months  (May,  June,  July, 
and  AuiTUst),  or  one  hundn'd  and  tw(»ntv-thn'e  davs,  for  a  (continuous 
flow  of  1  cubic  foot  per  s(H'on<l,  was  «W;.  1  acres. 

The  Wyoming  and  Nebraska  laws  <|uot4'(l  at  tin*  beginning  of  this 
section  are  ingenious,  and  tluMr  a|)))Iication  and  value  become  apparent 
in  connection  with  such  a  study  as  has  be(»n  attcMupted  here.  The 
length  of  the  irrigating  season  is  n<»t  (lefin<Ml,  h'aving  the  amount  of 
water  which  may  b(»  usimI  by  th<*  appropriator  sulliciently  elastic  to 
meet  all  requirements,  though  the  irrigator  would  n(»t  be  satisfied  if  it 
was  ntM*<»ssarv  for  him  to  attem))t  to  irrigate  so  large  an  area  with  so 
small  a  head.  Allotting  water  only  for  beneficial  us(»  on  the  land  for 
which  it  is  appropriated  provides  for  tlu'  futiin'  reclamation  of  the 
greatest  i)ossibl(»  amount  of  the  arid  land  with  the  available  water 
supjtly.     Future  determinatious  of  the  fads  leUalve  to  the  l»eueficial 
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use  of  irrigation  water  can  he  applied  without  revision  of  the  law, 
though  it  must  be  admitted  that  the  present  law  does  not  cover  the 
conditions  actually  obtaining  in  irrigation  and  that  a  continuous  flow 
of  1  cubic  foot  per  second  for  70  acres  of  land  ma}'  not  be  the  best 
distribution  of  the  supply. 

A  constant,  uniform  flow  is  a  convenient  method  of  dividing  water 
from  streams,  but  it  is  not  an  economical  or  satisfactorv  wav  of  dis- 
tributing  from  canals  to  users.  Our  supply  is  not  available  as  a  con- 
stant flow,  and  its  use  in  irrigation  is  equally  intermittent  in  quantity 
and  time. 

The  actual  instances  of  greatest  supply  at  the  time  of  greatest  need 
or  greatest  use  are  undoubtedly  rare,  and  the  present  method  of  appro- 
priating an  amount  of  water  measured  by  a  continuous  flow  for  the 
land  upon  ^hich  it  is  to  be  used  limits  the  amount  of  land  which  can 
be  reclaimed  to  the  supply  in  the  stream  at  the  time  of  its  period  of 
minimum  flow  during  the  irrigating  season.  If  as  much  water  is 
needed  in  Julv  as  in  Mav,  should  five  times  as  much  water  run  down 
the  streams  in  May  its  eflicienc}"  for  irrigation  purposes  would  not 
be  greater  than  that  measured  by  the  July  flow  unless  the  water  is 
stored  till  needed.  Some  years  the  I^aramie  River  will  supply  enough 
water  in  May  to  irrigate  140,000  acres,  allowing  1  cubic  foot  per  sec- 
ond for  70  acres,  while  the  supply  in  July  would  not  be  enough  for 
20,(X)0  acres;  consequently  if  the  irrigator  must  have  and  can  make 
beneficial  use  of  his  cubic  foot  per  second  for  70  acres  in  July,  the 
natural  flow  of  the  I^ai-amie  River  would  not  reclaim  more  than  20,000 
acres. 

In  a  recent  publication  Mr.  Mead^  says: 

There  are  two  objections  to  making  appropriations  for  irrigation  a  right  to  a  per- 
petual flow  of  any  definite  volume  of  water.  Such  rights  do  not  conform  to  the 
necessity  of  users  or  to  the  fluctuations  in  the  flow  of  streams.  No  irrigator  uses 
water  all  the  time.  In  the  States  under  consideration  he  does  not  use  it  one-half  of 
the  time.  P>en  during  the  irrigating  season  the  use  is  intermittent,  and  much 
greater  in  some  months  than  in  others.  The  holder  of  the  right  to  a  continuous  flow, 
not  needing  it  the  greater  part  of  the  year,  is  continuously  tempted  to  convert  it 
into  a  speculative  commodity  by  selling  the  surplus. 

Reference  to  the  tables  on  distribution  of  water  throughout  the 
season  and  to  the  accompanying  charts  will  show  the  variations  in  the 
amount  u:jed  each  month  and  in  the  supply  in  streams,  and  represents 
an  actual  condition  obtaining  over  a  large  part  of  the  irrigated  region. 
Plate  V  gives  the  supply  furnished  by  the  Laramie  River  in  acre-feet 
for  the  years  180r>,  1897,  and  1898.  There  is  a  striking  variation  n 
the  supply  in  different  years,  and  the  fluctuations  in  separate  months 
during  the  irrigating  season  do  not  correspond  with  the  necessities  for 
crops.     The  maxinuim  supph-  comes  in  Maj'  and  the  first  half  of  June, 

*  Water  Rights  on  the  Mi.ssouri  River  and  ila TribMXati^.    \j.  '^.\>^\{v,.  K'^gt.^VVSvsass. 
of  Experiment  Stations  Bui,  58. 
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wht'ii  tho  largest  Amount  of  water  is  used  on  native  haj,  but  the 
nuini  irri^tion  of  other  crops  coniCM  later  in  the  season.  Plate  VI, 
re])n*s(Mitiii^  tht*  irri^tion  of  principal  crops  at  Laramie  in  1896,  shows 
a  niHxinmni  use  of  water  in  July  for  grain^  and  in  August  for  potatoes. 
Tliis  and  the  following  plates  (VII  and  VIII)  represent  the  depth  of 
wat(M*  ill  feet  appli(*(I  in  irrigation,  which  also  indicates  the  number  of 
acre- feet  ac*tually  used  ea(*h  month  on  oai*h  acrre  for  the  crops  named. 
Tlien  if  oats  needed  a  depth  of  water  of  1^  feet  in  July,  1897,  the  dis- 
charp>  of  about  2SJM)()  aeiv-feet  in  the  river  for  that  month  would  be 
sufK<*ient  to  irripite  isj»<)<;  acres;  and  if  four-tenths  of  an  acre-foot 
was  needed  for  potat(M's  in  August,  the  dis(*harge  of  the  river  of  about 
5,(HN)  acre-feet  for  the  siune  month  would  lie  sufficient  to  irrigate  12,500 
acres  of  potat<M's,  providing  none  was  used  for  other  crops. 

In  ist*7  th''  fluctuations  in  the  supply  wen*  greater  than  in  1896. 
Coin])ared  with  tiic  amounts  used  in  irrigtition  that  year  as  given  in 
Plate  VI,  tli<M-e  was  enough  wat4M*  in  Junc^  to  irrigate  about  54,000  acres 
of  oats  and  wheat,  or  alnuit  9t>,tMM)  acres  of  mixed  crops,  while  in  July 
the  supply  had  fallen  to  only  alnnit  enough  for  19,(X)0  acres  of  oats  and 
wheat  or  !iS,rMK)  acn»s  of  mixed  ci'ops. 

In  lsj»8.  comimring  the  flow  giv(»n  in  Plate  V  with  the  use  by  irri- 
gtition  the  same  year  given  in  Plate  VII,  the  supply  in  June  was  suffi- 
cient to  irrigjite  from  al)out  •J1,(HM)  to  t)2,(KH)  acres  of  oats,  depending 
on  the  condition  of  the  soil;  over  3'i,(MM)  acivs  of  peas  or  wheat,  and 
alM>ut  lsjHM>  acn»s  of  liarley.  In  tluly  the  dischai'ge  of  the  river  would 
only  l»e  sutiicient  for  from  4,(XN)  to  alNMit  1S,(MK)  ai*n's  of  oats,  about 
4,8(M)  arres  of  jMMis,  ahout  7,(MM)  acres  of  wh(*at  or  l>arley^,  or  nearly 
6,(HH)  acn»s  of  potatoes.  In  August,  1S1I8,  the  supply  fell  so  low  that 
it  was  no  more  than  suflici(»nt  for  ;i,(HK)  acres  of  potatoes  or  1,000  acren 
of  wlu»at. 

This  discassion  simply  shows  that  w^here  (*ontinuoas  flow  is  made 
the  basis  of  appropriations  to  users,  the  amount  of  land  which  can  be 
iiTigat4Hl  is  determined  by  the  sui)ply  at  the  time  of  minimum  flow  in 
ttie  season,  and  the  fpw  early  priorities  which  have  sufficient  water  ftt 
that  time  are  the  only  ones  who  can  mature  crops  which  require  water- 
late  in  the  season.  Those  who  have  later  ])rionties  can  irrigate  only 
in  the  early  part  of  the  season,  when  th^n*  is  sufficient  flow  in  the 
stream  to  sui)ply  every  one,  and  must  conscMjuently  irrigatesuchcrope 
as  will  mature  without  the  late  water.  The  man  who  has  the  firat 
right  and  receives  the  lat(»  water  may  not  he  the  one  who  wishes  to 
raise  potatoes,  alfalfa,  or  other  crop>i  which  reijuire  water  at  that 
time,  in  which  cas(»  he  h:is  something  h(»  neither  necils  nor  wants,  while 
his  neighbor  who  raises  such  cro])s  nmst  have  the  watc»r  or  meet  with 
disaster.  This  gives  rise*  t^)  a  temi)tation  to  sej)arat(»  the  water  from 
lilt*  land  in  order  to  s])eculate  in  it.  to  sell  to  the  hi^'hcst  bidder,  or  to 
let  ii  useful  <'(>iuuiodity  go  U>  nvwsIo.    V\yv>n\\\\v^  w  nw'wA^  <;it  c^ro^s 
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lengthens  out  the  irrigating  season  and  enables  the  farmer  to  make 
better  use  of  his  continuous  flow,  but  even  this  does  not  ev^en  up  the 
difference  between  maximum  supply  and  maximum  use.  The  greatest 
necessit}^  is  storage  until  the  water  is  needed.  It  would  seem  that 
the  final  solution  must  come  through  a  system  of  storage  combined  * 
with  wise  laws  regarding  appropriations  which  will  insure  the  greatest 
use  and  economy  of  the  whole  water  supply.  The  requirements  of 
the  land  when  used  for  the  production  of  certain  crops  should  be 
made  the  basis  of  allotments  of  water  to  users.  There  are  in  operation 
several  ditch  companies  in  the  West  which  supply  users  with  enough 
water  in  the  season  to  cover  their  lands  to  a  ceitain  depth,  and  each 
farmer  chooses  the  time  through  the  season  when  each  portion  of  the 
water  is  to  be  furnished.  It  would  seem  that  such  a  system  would 
eventually  be  followed  by  such  adjustment  of  crops  to  the  land  and 
the  water  supply  in  different  parts  of  the  season  as  would  bring  about 
the  greatest  possible  economy  in  the  use  of  water. 

GENEEAL  GOHGLUSIOHS. 

In  the  region  embraced  in  these  studies  the  irrigation  of  native  hay 
takes  first  place,  both  l>ecause  it  occupies  the  largest  area  of  any  single 
crop  and  because  it  is  usually  the  first  to  be  produced.  There  are 
several  causes  for  this.  It  can  be  grown  with  less  labor  and  expense 
than  any  other  product,  being  already  planted  and  requiring  only 
irrigation  and  harvesting.  It  is  one  of  the  crops  for  which  there  is 
always  an  ample  home  market,  the  needs  of  the  range  stock  business 
insuring  this.  It  is  furthermore  a  crop  which  is  subject  to  few  vicissi- 
tudes. Hail  will  not  destroy  it,  and  while  a  falling  off  in  the  water 
supply  may  greatly  curtail  the  yield  it  will  not  result  in  an  entire  loss 
of  the  crop,  as  sometimes  occurs  with  small  grains  and  other  cultivated 
products.  The  first  attempt  of  the  irrigator  is  usually,  therefore,  to 
make  two  blades  of  grass  grow  where  one  grew  before.  The  growth 
of  native  hay,  however,  is  the  crudest  and  simplest  form  of  irrigated 
agriculture.  The  return  from  the  land  is  small  and  it  is  exceedingly 
wasteful  of  water.  As  both  land  and  water  become  more  valuable 
their  use  requires  better  methods  and  the  growth  of  higher  priced 
products.  In  the  region  under  discussion  irrigation  is  chiefly  from 
small  streams,  and  nearh'  all  of  the  water  supply  which  can  be 
diverted  is  appropriated,  but  large  volumes  of  water  still  run  to 
waste  in  the  larger  rivers.  It  is  along  these  that  we  must  look 
for  future  development,  but  the  utilization  of  this  supply  involves 
questions  outside  the  scope  of  this  investigation.  These  large  rivers 
as  a  rule  dmin  the  mountain  summits  and  have  a  more  uniform 
flow  than  the  small  sti earns,  as  the  snows  which  feed  them  melt 
slowly.    The  small  streams,  on  the  coi\tY^Y\ .,  ^\xe\Ax^Vfc  ^^^  nt^^^  \si. 
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volume  that  it  usually  happens  that  more  water  runs  to  waste 
Yh^fon*  irripitioii  of  rultivated  crops  l>e}|fins  than  is  available  for  use  in 
Jul.v,  whrn  th<>  nood  for  such  crops  is  f^reatest.  It  is  also  an  unfortu- 
nate circumstance  that  the  most  remunerative  crops  are  those  which 
re((uire  late  irri^ition.  Sufjfar  iKH'ts,  j)otatoes,  alfalfa,  and  orchards 
all  requin*  irripition  in  August  and  Septeml)er,  which  is  the  season  of 
th*»  least  sui)ply.  These  crops,  while  l)rin^ing  larjje  returns,  require, 
as  a  rulc\  i)ut  little  water,  and  their  cultivation  will  secure  a  much 
hijiflier  average  duty  than  now  i)n»vails;  Init  to  ^ivatly  extend  the  area 
of  tliese  products  will  involve  comprehensive  measures  to  increase 
throu»rh  stonitjfe  tiie  present  volume  available  for  use  in  July,  August, 
and  September,  because  on  three-fourths  of  the  Wyoming  streams 
there  is  now  a  scarcity  in  thes(»  months.  If  this  shall  not  prove  feasi- 
ble, tiien  the  future  extension  of  (he  areas  now  irrijrated  will  come 
chii»lly  tliroujrh  tluM-ultivation  of  crops  which  can  be  brought  to  matu- 
rity by  water  >ui)i)lied  before  Jun*»  !.">.  Among  these,  fonige  crops 
take  first  rank,  as  tliev  <'an  bo  irriji^ited  as  soon  as  water  can  be  turned 
in  ditrhrs,  and  the  >timubis  given  by  a  single  watering  will  secure  at 
h»a>t  :i  partial  crop.  All  thesr  crops.  how(»ver.  are  wasteful  of  water, 
and  if  they  are  to  predominate  in  the  extension  of  the  reclaiuKHl  area, 
as  will  Im*  ne<"tvssarv  without  stonige,  we  may  ex]M»ct  to  see  the  avemge 
dutv  remain  t'ullv  as  low  a>^  at  ])resent. 

The  distinction  ln'tween  the  al>undant  and  lu»nce  cheap  water  supply 
of  the  lirst  half  of  the  irrit^ation  -^ea^on  and  the  scant v  and  valua^'Ic 
su])ply  in  tlu*  latter  half  is  made  in  approjiriations  and  water-rigSts 
contr.ict>  in  the  irrigated  districts  of  Kuro|x^  but  as  yet  have  not  been 
con>ider**d  in  this  State.  We  are  not  likely  to  continue  to  ignore  this 
much  longer.  A  second-foot  of  water  for  the  month  of  August  is 
worth  ten  to  twenty  times  as  nuicli  as  the  .same  volume  for  Ma}\ 
lH»cause  it  will  make  possil)le  the  irrigation  <»f  larger  areas  and  the 
growing  of  high-])riced  products.  It  is  (his  consi(h»niti<)n  which  gives 
to  water  stonige  its  significance  and  which  will  uitinuitely  govern  the 
numl>er  and  cost  of  the  works  to  provide  for  this  purix)se. 
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LETTER  OF  TRANSMIHAL 


U.  S.  Department  of  Agbiculture, 

Office  of  Experiment  Stations, 

Washvngton^  D.  C.^  June  P,  1900. 

Sir:  I  have  the  honor  to  transmit  herewith  a  report  of  investiga- 
tions on  the  use  of  water  in  irrigation  made  in  1899  under  the  super- 
vision of  Mr.  Elwood  Mead,  expert  in  charge  of  irrigation  investiga- 
tions, and  C.  T.  Johnston,  assistant,  and  to  recommend  its  publication 
as  a  bulletin  of  this  Office. 

These  investigations  were  carried  out  in  pursuance  of  the  original 
plan  and  purpose  of  the  Office  to  confine  its  work  on  irrigation  mainly 
to  two  general  lines:  ''(1)  The  collation  and  publication  of  informa- 
tion regarding  the  laws  and  institutions  of  the  irrigated  region  in  their 
relation  to  agriculture,  and  (2)  the  publication  of  available  information 
regarding  the  use  of  irrigation  waters  in  agriculture  as  shown  by 
actual  experience  of  fanners  and  by  experimental  investigations." 
Several  bulletins  bearing  on  the  first  phase  of  this  subject  have  already 
been  issued.  The  present  bulletin  deals  primarily  with  the  second. 
It  records  the  results  of  observations  on  the  duty  of  water  in  ten 
States  and  Territories  of  the  arid  region,  namely:  Texas,  New  Mexico, 
Arizona,  California,  Nebraska,  Colorado,  Wyoming,  Montana,  Utah, 
and  Idaho. 

The  determination  of  the  duty  of  water  in  irrigation  was  made  a 
leading  subject  of  these  investigations,  because  it  is  believed  that  a 
more  general  understanding  of  the  causes  which  increase  or  diminish 
the  duty  of  water  is  one  of  the  most  urgent  needs  of  agriculture  in 
the  irrigated  region.  Discussing  the  results  obtained  in  the  investi- 
gations reported  in  this  bulletin,  Mr.  Mead  says:  **  A  comparison  of 
the  duties  secured  under  man  v  of  the  canals  where  measurements  were 
made  last  year  leads  to  the  belief  that  it  will  be  possible  through 
improved  methods  to  double  the  average  duty  now  obtained,  so  that 
the  quantity  now  required  for  one  acre  will  serve  to  irrigate  two.  If 
this  can  be  accomplished  it  will  relieve  the  scarcity  under  many  canals, 
put  an  end  to  many  controversies  growing  out  of  such  scarcity,  lessen 
the  expense  per  acre  for  water,  and  immensely  increase  the  productive 
and  taxable  resources  of  the  arid  States." 

Respectfully,  A.  C.  True, 

Direckrr. 

Hon.  James  ^Vilson. 

Seeretrrf'i/  of  AgnciiltHr<\ 
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THE  USE  OF  WATER  IN  IRRIGATION. 


DISCUSSION  OF  INVESTIGATIONS. 

By  Elwood  Mead, 
Expert  in  Charge  of  Irrigaiion  InventigatioTui. 

IHTEODUCTIOH. 

The  investigations  described  in  this  report  deal  with  problems  which 
perplex  the  irrigators  and  canal  builders  of  the  arid  West,  and  which, 
for  the  last  ten  years,  have  been  constantly  growing  more  important. 
Their  comprehensive  study  is  a  new  feature  of  national  aid  to  irriga- 
tion development  in  this  country.  Heretofore  the  leading  object  of 
such  aid  has  been  to  promote  the  construction  of  new  canals,  to  show 
how  much  of  the  land  above  existing  ditches  could  be  reclaimed,  and 
the  benefits  which  would  come  from  such  reclamation.  It  is  believed 
that  this  investigation  will  also  tend  to  secure  these  ends,  but  its  pri- 
mary purpose  is  to  assist  the  cultivators  under  ditches  already  built,  to 
render  the  farms  now  irrigated  more  profitable,  to  lessen  the  controver- 
sies over  the  distribution  of  water,  and  to  secure  its  more  systematic 
and  economical  use. 

It  is  the  opinion  of  those  best  informed  that  a  better  understanding 
of  the  existing  situation  must  be  had  before  we  can  wisely  plan  for 
future  development.  Controversies  exist  over  the  partial  use  of 
streams.  These  should  be  ended  before  an  attempt  is  made  to  greatly 
augment  such  use.  The  claims  to  water  for  existing  arid  prospective 
ditches  on  many  streams  amount  in  the  aggregate  to  many  times  the 
supply.  These  rights  are  now  vested,  and  their  character  must 
influence  what  is  to  be  done  in  the  future. 

When  irrigation  first  began,  little  attention  was  paid  to  the  econom- 
ical use  of  water  or  to  the  just  division  of  rivers  among  irrigators. 
The  area  watered  was  so  small  that  the  owners  of  ditches  did  not  need 
to  consider  how  much  was  used  or  how  much  was  wasted.  They  had 
all  they  wanted,  and  because  it  cost  nothing  and  they  were  free  to  take 
it  as  they  pleased  they  failed  to  realize  its  coming  scarcity  and  impor- 
tance.     Ever}'  transaction   which   had   to  do  with   the   disposal  of 
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wtn'juns  wtiK  iiuirk('d  l»y  a  lavish  prodigulity.  Ditchc8  diverted  uiore 
water  than  was  used.  Their  owners  claimcHl  more  than  they  could 
divert,  while  decrees  {jave  appropriators  titles  to  more  water  than 
diteJH^s  <*<)iil(l  carry  and  many  times  what  the  highe.st  flood  could  supply. 
Little  was  known  of  the  ([lumtity  of  wat(*r  needed  to  irrigate  an  acre 
of  land,  and  in  tlir  a)»senee  of  such  infonnation  the  ignorance  and  greed 
of  the  sjMU'ulative  appropriator  had  its  opportunity. 

Tn  nianv  (•as4»s  the  contnicts  which  control  the  distribution  of  water 
from  <-anals  have*  })een  framed  }>y  |)eople  t^)  whom  the  whole  subject  of 
irrigation  was  strange*  and  new.  It  often  hapixMis,  therefore,  that  these 
contract-s  do  not  promote  the  iM^st  interests  of  canal  iH>mpanies  or  meet 
the  n(H*c»ssiti(»s  of  users.  The  laws  which  govern  appropriations  of 
watcT  from  strc^ams  have,  in  most  <Mises,  no  relation  to  the  actual  prac- 
tice of  irrigators,  and  then^fore  fail  to  secun»  either  the  systematic 
distrilmtion  or  l>4»st  us4»  of  tln^  available  supply.  As  illustrating  how 
little  was  fornn'rly  known  of  the  actual  ncM'essities  of  irrigators,  the 
contnict  of  one  canal  4rompany  provid(*s  for  delivering  1  cubic^  f(M)t  of 
water  ])4»r  siM'ond  to  .H  a<'n\s  of  land.  In  tive  months  this  would  cover 
th(»  land  5^  f4»et  d4»ep.  Anoth4»r  canal  <*ontni(^t  providers  for  fumishing* 
1  inch  to  ca<*h  a<'r4'.  Tlu*  laws  of  the  St4ite  wh4»n»  this  (K'curred  make 
4i>  in4'Ju\s  4M|uival<'nt  to  1  cubi<*  foot  p4»r  s<»cond;  hence,  in  an  irrigation 
season  of  one  hundred  and  tiftv  davs  this  would  involve  the  deliverv  of 
enough  wat4»r  to  <'ov4m*  tin*  area  irrigat^^d  to  a  (h^pth  of  7A^  feet.  Another 
contract  provich's  for  furnishing  ^.S.iVJo  cubic  U^ot  for  each  iutc  irri- 
gat4'd,  or  enough  to  4'ov<t  the  land  to  a  (l4»])th  of  1  foot.  The  hend- 
gat4's  of  tln'se  three  canals  are  only  a  f4»w  mil(\s  aimrt.  Th<\v  take  water 
from  the  sjune  stream  and  supply  farms  pnu*ti<'ally  alike  in  every 
respiM-t,  y4»t  tin*  first  contract  provides  for  supplying  5A^  timers  jis  nmch 
as  tin*  third  and  tin*  second  on4*  7h  tinu»s  as  much.  In  widely  sepa- 
\ixU*d  l<M*alit.i4»s  tin*  difl'4»n»nce  is  nuu-h  mor4»  mark4Ml.  Th(»  water-right 
contracts  <'xamined  fix  tin*  dutv  of  an  "'inch''  of  water  anvwhere  from 
I  to  1(>  a<*r4's,  tin'  lowest  duty  being  found  in  s4»ctions  where  water  is 
not  used  mon*  than  thre4'  mouths  in  the  y<'ar.  and  the  highest  in  Cal- 
ifornia, \vlier4»  litth'  niin  falls  and  wher4'  the  us4M)f  water  is  practically 
(rontinuous. 

Thi*  in*igat4'd  district  watered  by  tbi*  Poudr4'  Kiver  of  Colorado  is 
not  surpass4'd  by  any  (»tli4»r  in  4'itb<'r  the  int4'llig4Mice  of  its  irrigatoi>» 
or  the  4'x<*4»lleiH*4'  <»f  the  nu'thods  (Mnplov<'(l  in  tb<' distrilmtion  of  water 
from  tlie  stream.  This  high  standing  had  aln^idy  l>4»en  established 
wh4Mi  th<»  adjudication  of  its  waters  took  pla<'<'.  Tin*  n»sults,  therefore, 
can  be  fairly  taktMi  as  repn»senting  tin*  best  nither  than  the  worst  of 
the  original  conc<»ptions  of  farnuM's  and  irrigation  otii<-ials  as  to  the 
actual  necessities  of  irrigation.  When  this  adjudit-ation  took  place 
th4'r4*  were  :iS  early  <litches  which.  tak4*n   together,  irrigated  about 
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1,000  acres  of  land/  These  ditches  were  small  and  could  not  do  more 
than  irrigate  the  bottom  lands  along  the  stream,  yet  their  combined 
appropriations  as  fixed  by  the  decree  amounted  to  692  cubic  feet  per 
second,  or  enough  water  to  have  irrigated  41,520  acres  on  a  duty  of 
60  acres  per  cubic  foot  per  second,  or  moi*e  than  40  times  the  water 
actualh^  used  under  wasteful  methods,  and  more  than  100  times  the 
water  actually  needed  under  the  methods  now  prevailing  on  that 
stream.  From  the  report  of  the  State  engineer  of  Colorado  for 
1889-90,  we  find  that  the  mean  annual  flow  of  the  Poudre  River  in  the 
first  of  these  years  was  735  cubic  feet  per  second;  in  the  second,  770 
cubic  feet  per  second,  and  that  this  volume  of  water  served  to  irrigate 
139,000  acres  of  land.  This  was  a  duty  of  189  acres  for  each  cubic 
foot  per  second  in  1889,  and  180  acres  in  1890.  The  adjudication 
therefore  gave  to  1,000  acres  of  land  almost  as  much  water  as  serves  to 
irrigate  nearly  140,000  acres.  The  State  engineer's  report  for  1898  states 
that  in  September  of  that  year  the  discharge  of  the  river  was  only  100 
cubic  feet  per  second,  while  in  October  it  was  35  cubic  feet  per  second. 
Boyd's  history  of  Greeley  and  the  Union  Colony  gives  additional 
illustrations  of  the  extravagant  rights  which  have  grown  out  of  a  lack 
of  knowledge  of  the  actual  necessities  of  irrigation.  From  it  is  taken 
the  following  extract: 

As  instances  of  the  excessive  quantity  of  water  awarded  ditches  under  the  decree, 
compare<l  with  the  crops  cultivated  under  them,  we  may  take  the  Boyd  and  Freeman 
ditch,  which  has  99.38  cubic  f«»et  awanled  to  it  in  1873,  while  the  crops  under  it  in 
1888,  said  to  be  irrigated,  were  320  acres,  which  is,  I  believe,  all  the  land  under  the 
ditch  owned  by  its  proprietor^.  This  would  be  a  duty  of  less  than  4  acres  to  the 
cubic  foot  per  second.  Agaii  we  may  take  the  B.  H.  Eaton  ditch,  which  was  awarded 
for  1872,  41  cubic  feet  per  necond,  and  had  in  irrigated  crops,  1888,  330  acres,  or  a 
duty  of  8  acres  per  cubic  foot  per  second.  The  John  Coy  ditch  is  credited  with  31 
feet  and  irrigated  in  same  years  160  acres,  or  has  a  duty  of  about  5  acres  per  foot.* 

In  another  State  enough  water  was  awarded  to  one  man  in  100  days  to 
submerge  his  faim  under  a  body  of  water  23  feet  deep,  while  across  a 
boundary  fence  his  neighbor  was  given  only  enough  to  cover  his  land 
to  a  depth  of  1.5  feet,  the  scarcity  in  one  case  being  as  injurious  as  the 
excess  in  the  other. 

SOCIAL  AKD  IKDUSTRIAL  FEATURES  OF  lEEIGATIOH. 

Before  the  period  of  crude  structures  and  still  cruder  ideas  had 
ended,  it  began  to  be  manifest  that  the  reclamiation  of  arid  lands 
involved  more  than  the  overcoming  of  physical  obstacles.  It  has  been 
found  easier  to  dig  ditches  than  to  distribute  the  water  they  carry,  and 
to  plan  headgates  and  flumes  than  to  frame  just  laws  for  establishing 
titles  to  water  or  dividing  rivers  among  rival  claimants. 

*  History  of  Greeley  and  the  Union  Colony,  by  David  Boyd,  pp.  124, 125. 
='Pagesl25,126. 
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Tho  reason  for  this  is  found  in  the  overHhadowing  importance  of 
water.  Whenever  irrigation  is  nK|iiircHl,  water  rather  than  land  con- 
trols clc^velopinent.  It  is  4'asy  to  r(^liz(>  this  when  it  is  remembered 
that  in  arid  lands  not  a  flower  will  ]>loonK  not  a  tn»e  lH»ar  fruit,  nor  a 
field  }>ring  forth  it^  harv4»st  unless  water  is  su])pli<»d  hy  the  skill  and 
industry  of  man;  h(Mu*e,  as  th<*  n^'lainied  area  has  ext>ended  and  the 
nuni]>er  of  honi4»s  dopend«»nt  on  irrigiition  has  l)oen  multiplied,  the 
collection,  sjih',  and  distri})ution  of  water  has  grown  to  be  a  stupendous 
industry,  in  which  many  millions  of  dolhirs  (estimat<^s  yarv  l)etween 

•     #  ft  » 

$1()0,000,(HH)  and  ♦2(M>.()(M>,(MM))  are  inyeste<l. 

The  many  thousands  of  miles  of  canals  and  hiterals  in  the  irrigated 
regions  of  the  Tnitt^d  States  haye  nu'laimed  an  area  approximately  as 
great  as  the  State  of  New  York,  eyery  a<^r4»  and  almost  4»y4»ry  s(|iiare 
foot  4)f  which  has  io  Im*  artificially  moist4»n4»4l  fr4)ni  on4»  to  ten  times 
each  year.  During  thv  growing  st^ason  this  nMjuin's  the  scTyic'CH  of 
an  army  of  men  to  pr4)t4'<»t  and  r4'gulat4'  lu'adgat^'s,  patrol  the  ImnkH 
of  canals,  and  adjust  tlu*  measuring  }k)x<»s  of  uM'rs. 

The  success  or  faihuu*  of  these  <'anals  is  u  matt4'r  of  more  than  local 
interest.  Much  of  tlu'  mon4»y  cxjM»nd<»d  in  their  4'onstruction  came 
from  the  East.  Th(»  siiyings  of  thousands  of  thrifty  New  Kngland 
|>eople  haye  been  inytvsted  in  stocks  and  bonds  of  irrigation  companies, 
a  single  agenc^y  in  CVdorado  haying  inv<'stt»d  }?ir>,(MM),(MH)  in  this  class 
of  secruritics  for  thes4»  4*ustomers.  Th4'  failur4'  of  a  <»anal  company  to 
find  4'ustomers  for  water,  or  to  supply  wat4»r  to  tin*  custonuTs  it  has, 
atfectsmany  others  In^sidi^s  tin*  iinnuMliatc  parti4's  to  th4»s4»  transac*tions. 
Theirs  is  the  imnu'diatt*  loss,  but  s<M)n4M-  4>r  later  this  loss  also  shows 

its4»lf  in  debiy4Hl  or  defaulU^d  int4»n»st  imynu'nts.  an<l  this  affects  the 

•  I    • 

holder  of  the  .stcM'k  or  bonds  of  tli4'  <'anal  I'oinpany.  The  justice  and 
efficiency  with  which  streams  an*  diyi<l4'(l  and  th4M»4*on4)my  with  which 
wat4»r  is  used  may,  ther<»for4»,  in  tlii>  way  !uigm<»nt  or  reduce  the 
in<'om4»s  of  many  Eastern  as  W4»ll  as  \V4'st4'rn  homes. 

ft 

DI8TEIBUTI0N  OF  WATER  AMONG  USERS. 

Traffic  in  \vat4»r  is  carrii'd  on  uucUt  many  p4M'uliar  and  jmrplexing 
conditions.  Xo  matter  from  wliat  >our4'4'  tin*  supi)ly  is  rei^ived, 
wh<»th4»r  it  is  stor4»d  in  n»s4»ryoirs.  ))unipcd  from  wells,  or  taken  from 
riyers,  th<*  distribution  of  water  in  irrigation  is  >ul)jc<'t  to  unending 
un4'ertainti<*s.  Streams  rise  and  fall  with  cycry  passing  cloud:  the 
torrent  of  to-day  may  ]»4»  a  dry  4'hanncl  a  month  hcnci»:  wolU  which 

ft  ft  ft 

can  not  b4'  (»xhaust(»d  in  April  ar4'  oft<»n  empty  in  flun4'.  Eyen  after 
water  luis  passed  the  headgat4»  and  is  safe  from  outside  interference 
the  waste  and  loss  continue.  It  disappt'ars  through  tlie  })ottom  of  the 
<*anal  by  s(^epagc,  and  \uU>  thr  air  by  4*yaporation.  The  same  yicissi- 
tudo  iittoDdfi  its  use.     As  mucU  wwVev  muy  cscu^>e  from  the  lowtM'  side 
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of  the  field  of  a  careless  irrigator  as  sinks  into  the  soil.  The  waste 
from  badly  built  laterals  or  poorly  prepared  fields  does  much  to  limit 
the  area  which  a  canal  can  serve,  and  hence  the  income  it  can  be 
made  to  yield. 

This  commerce  in  water  has  been  created  by  men  born  and  reared 
in  regions  of  ample  rainfall  and  without  prior  training  or  experience 
in  dealing  with  the  problems  of  irrigation.  They  had  to  learn  by 
trial  how  to  frame  satisfactory  contracts  for  the  disposal  of  water 
from  canals  and  how  to  use  that  water  properly  when  delivered.  From 
the  construction  of  the  first  small  furrows  in  Utah  and  California  up 
to  the  present  the  growth  in  acres  irrigated  has  been  accompanied  by 
an  equally  impoitant  evolution  in  methods.  The  fixing  of  a  unit  of 
measure  to  be  employed  in  delivering  water  to  users  will  serve  to  illus- 
trate this.  It  could  not  be  sold  by  the  pound  or  by  the  ton,  nor  were 
there  any  devices  at  hand  for  its  measurement  or  delivery  by  the  gal- 
lon. Farmers  were  at  a  loss  to  know  how  much  to  buy  and  canal 
companies  as  ignorant  of  how  much  they  could  sell  or  how  to  measure 
it  when  sold. 

UNITS  OF  VOLUME  EMPLOYED  IN  MEASUBING  WATEB. 

THE   INCH. 

In  a  number  of  the  arid  States  placer  mining  was  an  important  indus- 
try before  irrigation  began.  Miners  in  measuring  water  employed  the 
*'inch."  This  is  the  volume  which  will  flow  through  an  inch-square 
orifice  under  a  uniform  and  designated  pressure.  Later,  the  pressure 
to  be  employed  and  the  manner  in  which  the  size  of  the  orifice  was  to 
be  increased  or  diminished  was,  in  a  number  of  States,  fixed  by  law.* 

In  those  sections  where  irrigation  succeeded  this  form  of  mining, 
irrigators  generally  adopted  this  unit.  In  many  respects  it  is  entirely 
satisfactory.  Where  the  flow  is  controlled  by  a  device  of  reasonable 
accuracy  it  is  a  convenient  method  of  delivery  for  canal  companies 
and  satisfactory  to  users,  because  the}'  can  tell  at  a  glance  whether  or 
not  the  quantity  contracted  for  is  being  delivered.  It  is  not  suited, 
however,  to  the  measurement  of  rivers,  or  to  the  regulation  of  their 
division  among  large  canals,  as  the  prescribed  conditions  can  not  be 

*  Water  sold  by  the  inch  by  any  individual  or  corporation  shall  l>e  measured  as 
follows,  to  wit:  Every  inch  shall  be  considered  equal  to  an  inch-square  orifice  under 
a  five-inch  pressure,  and  a  five-inch  pressure  shall  be  from  the  top  of  the  orifice  of 
the  box  put  into  the  banks  of  the  ditch  to  the  surface  of  the  water.  Said  boxes  of 
any  slot  or  aperture  through  which  such  water  shall  be  measured  shall  in  all  cases 
be  six  inches  perpendi(!ular,  inside  measurement,  except  boxes  delivering  less  than 
twelve  inches, which  may  be  square,  with  or  without  slides.  All  slides  for  the  same 
shall  move  horizontally,  and  not  otherwise,  and  said  box  put  into  the  banks  of  ditch 
shall  have  a  descending  grade  from  the  water  in  ditch  ol  TLot\«»^'a.Tv  ««csfe-^>s^ji^^ 
an  inch  to  the  loot     (General  Statutes  ol  CiAowAo,  «ee.  ^1*1.^ 
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l/rxi^j^'jtA  or:  h  AT)g*'  <tr«uxi  of  wmter.     Tbere  are 

I'^j.f.r*  ifi^.Le'*.     To  Ui«M«iiur»r  tiu^  rr^lume  nndnr  tbe  oosdilioBe  fn- 

M-rrp^^  ];.  tij«f  <Jolon^«j  Kuxute  v^uid  rwjoire  a  diide  00  Vm^  aad 

ii»-si\v  Trial  it-  .!•->'  would  ♦•*•  pnM.-tk«llT  inipoMble.    The  nae  of  tfcf 

t'-ni.    "\u*-u"  iia-  al-^*  '.^^i^   uufortutna^-.     M«iiv  £uwn  hare  eon- 

fiii>*-c  tfji*  '-xpr*-**!'.*']  with  tii**  -^urfk/L-^f  or  the  «.-abic  imh  of 

riaiii*-.  afi'i  it  fn^^u^'rjtly  liatppiifij*  thut  the  ixK'lK>s  of 

dHtcriijjfjM  Nv  ijj«^«uriri|5  tii^^  4'rr>-i->  ■^fn'tion  f»f  a  ditdi  or  latend  and 

IMvifi^  ij*>  attA'fitioii  wh»u*v#-r  u»  «i"ither  gnide  or  reloritr.     In  one 

'-ai^'  a  Sutf'  law  «-/>rjfu-^*>  <'ufii«-  iuche^  with  tb«  ixMatiDODiie  flow  from 

an  iurti-^juaJ^  oriA.^. 

Th*'  ruW<-  f^iot  jier  -a-rfond  i-^  st  d^r-finit**  and  fonvenieot  unit  of  rolame 
Ui  f'mploy  in  th<'  ^a^'/iw^  and  division  of  riv«'r*>  and  in  meaf^urin^  tlie 
dirM'harjr*'  of  dit4-h«'F>  and  canaU.  A  majority  of  the  arid  Statei«  and 
IVrritori*''^  have  iiuuIh  it  th*'  lej^l  unit  in  dxinj^  the  volume  in  waler- 
rijrljt  f-ontra4't^  U^twwn  <-anal  i'oni|>anif^'-i  and  iiricrators  and  in  defining 
th<'  iiHiount*  of  appro]>riati<fri<*  from  -^trt^in**.  Thi>  unit  has  the  double 
a/lvsinta^<'  of  >-howin;/  pn'ri-^'ly  what  i*>  meant  and  }»eing  well  adapted 
Ui  thi'  mca'-urcnjcnt  of  larjrf  a**  wi'll  a**  >mall  volumes  of  flowing 
wat4'r.  It  i**  the  njo^t  -^ati^fa'-tory  unit  which  can  bo  employed  in 
dividing  riv^r^  or  in  njca^^un'ment^  where  the  flow  is  oontiniioiia. 
'I'hi'rc  i*.  howcvi-r.  an  ol>jectii»n  to  it-  uriiv<*r>al  use.  Where  decrees 
or  «ontra4t«  provide  fc^r  th*'  didiv«'rv  of  u  <-ontinuoU'«  flow  it  is  pre- 
KUpjMiM'd  that  irri^toi'*  u>c  wat«'r  in  thi>  manner.  This  is  not  in 
VL.i'i'n\'<\  with  the  lx'>t  jifactice.  Irri^itors  do  not  n<H'd  water  all  the  time. 
Kf'W  ii»c  it  lialf  th<'  time.  If  they  jire  n^quin^i  to  i>ay  for  a  continuous 
flow,  they  usually  jmy  fiir  Mmiethinjr  they  do  not  jret,  and  always  for 
what  they  do  not  nei*d.  The  fn^st  practice  provides  for  rotation  on  the 
\wiv\  of  irripit^M's  in  the  use  of  water  and  the  u^e  of  a  larger  volume 
of  water  for  only  a  part  of  th**  time.  Where  this  occurs,  a  different 
unit  of  measurement  is  (hvsirahle,  f>e<'ause  it  i>  not  the  continuous  deliv- 
ery of  a  str<*am  of  a  desi^>nated  size  which  is  paid  for.  but  the  total 
vohime  furnished  during  th<^  whole  or  any  ])art  of  the  irrigation  season. 

TIIK    A(  UK- FOOT. 

The  growing  recognition  of  the  fmt  that  a  continuous  flow  of  water 
does  not  <'orrespond  to  the  needs  of  irrigators  has  recently  brought 
int4>  \\i^K\  another  unit  of  voUuue — th(^  a«re-foot.  It  (^ontainn  43,560 
cubic  feet,  or  enough  to  covt'r  an  a<re  1  foot  deep.  It  is  a  con- 
venient unit  for  sidling  stoned  wat<'r.  since  the  ca|>acity  of  reJWTVoirs 
4-an  1m'  miMisuivd  l»v  the  same  unit. 
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Contracts  in  -which  the  acre-foot  is  used  provide  for  the  delivery  of 
water  on  the  demand  of  the  irri^tor,  or  at  intervals  rather  than  in 
continuous  flow,  and  canal  companies  have  hestitated  about  adopting 
this  unit  because  of  a  fear  that  satisfactory  arrangements  for  delivery 
could  not  be  made,  but  that  more  water  would  be  called  for  at  some 
lime  than  the  canal  could  supply,  while  at  other  times  the  entire  vol- 
ume would  run  to  waste. 

Wherever  the  acre-foot  has  been  adopted  it  has  proved  acceptable  to 
irrigators,  because  they  share  in  the  benefit  resulting  from  care  and 
skill  in  distribution. 

FOBM  OF  WATEB  COKT&AOTS  AND  BENEFITS  OF  BOTATION. 

The  contracts  between  canal  companies  and  irrigators  take  various 
forms.  Some  purport  to  be  deeds  to  water;  others  are  contracts  for  a 
perpetual  right  to  water  for  a  designated  tract  of  land;  others  provide 
for  payment  of  an  annual  rental  for  the  area  irrigated,  to  be  renewed 
each  year;  while  an  increasing  number  provides  for  the  measurement 
of  and  payment  for  the  quantity  delivered.  Formerly  the  diflference 
in  conditions  prescribed  was  much  greater  than  at  present,  the  tend- 
ency now  being  to  follow  precedent  and  copy  the  forms  which  have 
worked  well  in  practice. 

Contracts  which  provide  for  the  delivery  of  a  uniform  constant  flow 
are,  as  a  rule,  wasteful  of  water.  They  are  not,  therefore,  to  the 
interests  of  either  ditch  companies  or  the  public.  Contracts  which 
charge  for  the  acres  irrigated,  without  regard  to  the  volume  used  on 
these  acres,  are  a  temptation  to  extravagance  on  the  part  of  the  irri- 
gator. The  canal  company  which  employs  such  conti'acts  resembles 
the  grocer  who  would  agree  to  supply  his  customers  with  a  year's  pro- 
visions at  so  much  per  head,  with  no  restrictions  as  to  quantity  or 
kind  of  goods  which  might  be  called  for.  On  the  other  hand,  con- 
tracts providing  for  payment  proportioned  to  the  quantity  delivered 
and  for  its  delivery  in  amounts  which  can  be  most  eflSciently  distrib- 
uted can  not  fail  to  lead  to  great  economy  in  the  use  of  water  and 
consequently  to  a  high  duty,  as  the  irrigator  pays  for  what  he 
wastes  and  also  gets  the  benefit  of  his  saving.  Such  contracts  can  be 
employed  only  in  connection  with  a  system  of  rotation  in  delivery  to 
irrigators.  This  rotation  benefits  the  canal  company  as  much  as  the 
irrigator,  because  it  lessens  the  loss  from  evaporation  and  seepage  in 
the  following  manner:  If  a  canal  is  large  enough  to  supply  100  farms 
it  will  still  supply  them  whether  they  are  all  irrigated  every  day  or 
one-half  given  twice  the  usual  supply  every  other  day.  On  large 
canals  the  economy  of  such  rotation  is  very  great.  It  would  permit  of 
dividing  them  into  sections  and  supplying  the  lands  under  one  section 
at  a  time.     A  canal  60  miles  lonir  t^nlA  be  divided  into  three  sections 
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of  20  miles  each  and  all  the  I088  from  seepage  and  evaporation  on  the 
lower  40  miles,. saved  while  the  irrigators  of  the  upper  section  were 
iHuiig  supplied.  In  the  same  way,  by  keeping  the  full  supply  in  the 
canals  wutc^r  could  be  rushed  through  to  u^ers  under  the  lower  section 
with  h^ss  loss  than  where  the  flow  is  depleted  by  laterals  along  the  route. 
The  geatest  saving  in  rotation^  however,  would  1m'  made  in  laterals. 
The  most  wasteful  system  iH)ssible  is  where  water  is  permitted  to 
slowly  dril)ble  through  these  all  the  time.  The  engineer  of  a  canal, 
by  devising  u  syst<Mn  for  dividing  laterals  into  groupn  and  inducing 
the  irrigators  therefrom  to  take  wat4^r  by  turns,  c*an  do  b»  nmch  toward 
raising  tlu'  duty  obtained  its  mn  the  actual  cultivator.  The  use  of  a 
unit  which  favors  rotation  will  also  lead  to  rotation  in  the  division  of  a 
river  betwcH»n  canals.  Then*  is  great  waste  in  running  the  canals  half 
full  all  th(*  time,  as  the  al)solute  loss  from  seepage  and  evaporation  is 
n<'arlv  the  same  whether  the  canals  are  full  or  only  half  full.  It 
w<mld  1k»  far  b4*tter  when  rivers  are  low  to  run  half  the  canals  at  a 
time  and  provide  them  with  a  full  supply,  thus  saving  nearly  half  the 
wat«»r  ordinarily  lost  in  tnmsit.  As  the  loss  from  seepage  and  evapo- 
ration aveniges  alM)ut  80  per  cent  of  the  water  flowing  in  (^nals,  the 
water  saved  will  be  a  mat^^rial  addition  to  the  available  supply. 

HrVESTIOATIONS  IN  1899. 
REASONS  FOR  INVESTIQATION  OF  THE  DUTY  OF  WATSB. 

As  the  water  recjuired  to  irrigate  1  acn*  of  land  should  Ije  the 
])asis  for  tixing  the  dimensions  of  works  recjuired  to  irrigate  any  number 
of  lU'res,  there  is  n(»ed  to  know  ai)proximately  it^  amount.  In  order 
to  plan  for  the  just  distriimtion  of  the  volume  entering  the  headgate, 
the  losses  in  transit  nmst  l>e  provided  for.  Tntil  more  is  known  than 
is  now  known  alntut  the  time  of  year  when  the  irrigation  sea.son  begins 
and  when  it  ends,  the  part  of  the  discharge  of  any  stream  which  must 
run  to  waste  unless  stored  can  not  i)e  estimated.  Tntil  it  is  known 
how  large  an  urea  an  acre-foot  of  stored  water  will  irrigate  and  the 
returns  which  will  come  from  such  irrigjition,  the  value  of  reservoirs 
will  have  no  more  substantial  l)asis  than  individual  judgment  or  con- 
jectun*.  nor  ean  an  intelligent  estimate  be  made  of  the  amount  of 
money  which  can  be  profitably  sj)ent  in  their  construction.  Sooner 
or  lat(»r  a  knowl<»dge  of  the  duty  of  water  becomes  a  necessity  in  any 
irrigated  district.  It  is  now  urgently  needed  to  settle  disjmteH  over 
wat«»r-right  contnicts.  and  to  i)rovide  for  their  intelligent  reconstruc- 
tion. Thus  far  it  has  In^en  the  uniform  i)nictice  to  make  all  rights  to 
water  iMM-]H»tual  and  continuous.  This  i>  not  the  practice  of  Euro{)ean 
countries.  Italy,  Fmnce,  and  Si)ain  each  distinguishes  ch»arly  Ix^tween 
rights  to  the  summer  and  to  the  winter  (low.  the  vernal  and  autumnal 
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equinoxes  being  the  dates  when  one  begins  and  the  other  ends.  The 
controversies  which  have  recently  arisen  over  rights  to  the  winter  flow 
of  streams  will  doubtless  soon  lead  to  a  similar  distinction  in  Western 
irrigation  laws.  A  comparison  of  the  duties  secured  under  many  of 
the  canals  where  measurements  were  made  last  year  leads  to  the  belief 
that  it  will  be  possible  through  improved  methods  to  double  the  aver- 
age duty  now  obtained,  so  that  the  quantity  now  required  for  1 
acre  will  serve  to  irrigate  2.  If  this  can  be  ae<;omplished,  it  will 
relieve  the  scax'city  under  many  canals,  put  an  end  to  many  contro- 
versies growing  out  of  such  scarcity,  lessen  the  expense  per  acre  for 
water,  and  immensely  increase  the  productive  and  taxable  resources  of 
the  arid  States. 

Believing  that  a  more  gfeneral  understanding  of  the  causes  which 
increase  or  diminish  the  duty  of  water  is  one  of  the  most  urgent  needs 
of  agriculture  by  irrigation,  the  determination  of  this  duty  was  made 
a  leading  subject  of  these  investigations. 

METHODS  EMPIiOTED  IN  THE  INVESTIGATIOK. 

In  carrying  out  this  investigation  laboratory  methods  will  not 
answer;  it  must  deal  with  the  use  of  water  on  a  large  scale.  The 
work  requires  the  supervision  of  men  of  special  training  and  wide  prac- 
tical experience.  One  of  the  chief  difficulties  encountered  at  the  outset 
was  to  find  the  right  men  to  take  charge.  Those  engaged  are,  without 
exception,  holding  positions  of  responsibility  and  receiving  ample 
compensation  from  other  sources;  the  chief  inducement  for  their 
taking  part  in  this  investigation  has  been  the  promotion  of  the  public 
welfare.  Through  their  interest  and  zeal  this  report  includes  a  large 
amount  of  information  which  could  not  otherwise  have  been  secured 
for  ten  times  the  actual  outlay.  It  was  left  for  the  observers  in  each 
State  to  secure  the  cooperation  of  intelligent,  practical  farmers  and  to 
arrange  with  them  to  measure  the  water  used  on  their  fields.  In 
nearly  every  case  this  was  easily  accomplished.  Every  farmer  con- 
nected with  the  investigation  received  the  same  instruction.  It  was 
to  use  water  whenever  and  wherever  it  was  thought  necessary ,  provided 
it  could  be  had,  and  pay  no  attention  to  the  fact  that  it  was  being 
measured.  The  results  show  that  this  was  done.  The  descriptions  of 
canal  systems  and  the  methods  which  govern  their  operation  given  in 
the  reports  of  the  special  agents  show  how  direct  is  the  relation 
between  good  management  and  a  high  duty  of  water.  They  also  show 
how  prolific  of  waste  and  loss  is  a  badly  drawn  water-right  contract. 
Records  were  also  kept  of  i*ainfall  and  evaporation;  and  an  effort  was 
made  in  each  case  to  secure  as  much  information  as  possible  on  the 
following  factors  of  the  duty  of  water  in  irrigation: 

The  quantity  of  water  required  by  different  crops. 
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llii'  lriit*th  of  thn  tri'itrRtinn  ppi-ind  in  different  HectionH  of  the  arid 
region. 

The  agn^mtint  or  divergence  between  thequanUty  of  water  used  in 
irrigation  in  the  differoDt  months  of  tht^  growing  season  and  the  rise 
and  full  of  HtrenniH  during  thoi«>  immthM. 

The  l>cnetitM  of  reservoii-s  and  tiu«  {len^nita]^  of  the  total  dliicbarge 
of  streams  which  muHt  )h>  Htorcd  in  order  to  utilize  tho  whole  mipply. 

IjOSHt's  in  canidN  from  K(M>pag(>  and  cvuiMtration. 

Influt^ncQ  of  diffnrent  foniiH  of  wntt>r-right  ("ontmclH  in  promoting 
ei^onomy  or  waste. 

The  retiiniH  from  the  use  in  irrigittion  of  nn  H<^rtt-foot  of  water. 


In  these  Htudie^  un  inntrumcnt  was  needed  which  would  keep  a  con* 
tinuouH  and  automatic  record  of  the  (piantity  used.     The  quantity 


received  liy  i'itch  irrigator  Ihictnales  wiili  ilu-  lioiv  in  llic  iituiii  canal 
iimi  with  his  mvii  and  his  ncigliliois'  ilenmnds  on  tiicir  latem).  Find- 
ing it  ini|M)sMilile  to  eniphiv  it  meter  lo  iiM'sisuri'  tin'  vohinn'  delivered, 
it  was  ili-eideil  to  phice  a  ui-ir  or  ihinic  in  eai-lj  canal  or  Iat4>ral,  and 
then  1>\'  means  of  a  suitalilc  inslrmitent  kci'|>  n  loniinnons  nt^ord  of 
tho.  deptli  of  water  di-livere<l.  Wlieri'vcr  pos>il)lc  weirs  were  used, 
)nit  in  more  than  one-halT  of  llie  casi-s  where  ihcy  wi'ie  used  the 
rewults  jn'ovi'd  that  Humes  w<ml<l  have  I>ecn  mure  siitisfiictorv. 
A  study  of  the  registers  in  use  sliowi-d  ilial  riotu-  wen-  wholly  mitis- 
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factory.  The  tirst  requisite  was  a  record  on  a  natural  scale,  so  that 
ao  inch  i-i.se  or  fall  in  the  ditch  would 
be  so  shown  on  the  record  sheets,  thus 
enabling  any  fanner  or  ditch  rider  to 
determine  at  a  glance  whether  or  not 
the  instrument  was  working  uceu- 
rately,  and  if  not  to  correct  it  with- 
out the  computation  required  where 
the  scale  is  reduced.  Not  being  able 
to  obtain  registers  of  this  pattern,  one 
was  designed.  Its  form  is  shown  in 
the  accompanying  drawing  of  register 
No.  1  (lig.  1).' 

In  this  instrument  the  rise  and  fall 
of  the  water  in  the  ditch  or  latei'al 
raises  and  lowers  a  float  and  counter- 
weight.    The  latter  are  <'onnected  by 
a  cord  which  passe.'s  over  the  end  of 
a  cylinder  which   is  revolved  t)y  the 
cord's  movement  us  the  float  rises  and 
falls  with  the  changes  of  depth  in  the   "bf 
stream.     Around  this  cylinder  is  fas-    T    ' 
tened  a  paper  divided  into  rectangulai'         ^' 
spaces,  the  time  divisions  l)eing  par«\\i;\  Vo  U*  i 
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UvLijioQS  itt  i-ight  angles  thereto.  Th«  pvn  or  pencil  iniikiiig'  tbe  record 
B  moved  along  thb  cylinder  by  clockwork,  pushing  from  on«  end  in 
tht"  other  in  »  wepk,  when  the  paper  is  changed  and  the  pen  retumwi 
to  the  Htarting  point.  The  character  of  the  reconi  is  shown  by  the 
reprodiictiiiii  <if  a  number  of  tbes*'  shoetji,  The  flui-tuntioti  in  di»- 
charge  create*  ii   zigzag   line,  a  wide  variation  in  depth    someti 


causing  the  cylinder  to  make  a  complete  revolution;  Itut  as  the  pen  4 
pencil  follows  thia  and  records  it,  any  number  of  revolutions  ( 
be  made  without  a  loss  of  the  record. 

Owing  to  delay  in  the  constrnetion  of  the*e  instruments,  all  obt 
ei-s  could   not  lie  supplied   with  them,  and  n  nnnibev  of  registers* 
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other  pattortiK  were  used.  The  Richard  Brothers'  roister  (fig.  2)  was 
utilized  in  the  measurements  in  Arizona,  the  instruments  being  loaned 
by  the  University  of  Arizona.  The  Wyoming  nilometer  (fig.  3)  was  used 
at  the  Wyoming  and  Nebraska  statione>.  The  Irving  register  {6g.  i) 
was  used  on  the  Gage  Canal  in  California.  The  Friez  register  (fig.  5)  is 
H  new  form,  which  will  be  used  in  the  investigations  next  year.     Fig- 


Fl'i,  ;..— Fricf 


ures  6,  7,  and  S  are  copies  of  sheete  taken  from  the  registers  in  use 
last  year,  figure  6  being  taken  from  roister  No.  1,  figure  7  from  regis- 
ter No.  2,  and  figure  8  from  regiater  No.  4.  The  first  and  last  of  these 
give  the  variations  in  depth  •*  We;  the  second  reduces  the 

variations  to  one- tenth  of 
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t'l-i,  u,— (:(i|>y  of  HUiiiiti:  wikltT  n-Klrlcr  khvcl. 


Fm.  7.— Tiips'  "f ' 


sascfuffiiox  UF  urwenQnaxage. 


V/ 


I'lipy  of  Mmple  u-nter  n^lxter  sheet. 


Wei™  are  In  be  emiiloyoil  wLerc-vt'r  lliv  (■oudillims  will  jwrniit,  ttixl  wliure  ri 
B  measuring  flume  is  to  be  BubeUtuted.     A  Cippiilelli  weir  Ic  iJie  fonii  lo  lie  uwd. 
e  9  ehowa  iU  detail  und  the  mttthrxi  gf  placing  tlie  re<<ording  ii 


The  following  iihstrat-t  froiii  tlic^  instructioiiK  to  ohspivi-rs  j;ivi'fi  the 

fgulatioDf-  governing  the  placing  of  meafiuring  wpirs  und  tluines: 
Weil 
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fmffioient  cleameefl  tr)  pormit  of  itfl  proper  construction.    The  following  direetioiiB 
HhoiiUl  lx>  observed: 

(1 )  The  (liineiisioiiH  of  the  fliiiiie  in  whicli  the  weir  iH  placed  will  be  governed  by 
the  vohinie  of  watcT  to  Ih*  ineaHnre<l,  but  in  no  case  Hhould  the  length  be  lea  than  16 
fe<*t  nor  the  widtli  Im*  leHH  than  the  Hurfacx^  water  line  of  the  ditch.  The  bottom  of 
the  flunut  HhouM  U*  level  in  Yx>th  (lireotiouH.  ItM  upstream  end  should  be  frfaced  on 
(rnule  with  the  iMitt^un  of  the  (\[U*\\,  ho  that  water  will  enter  without  eddies  or  dis- 
turYitin(*e.  Tlu*  trhunnel  <if  the  ditoh  hIiouM  have  a  uniform  grade  and  croos  section 
for  100  fi*et  n]iHtre4un  fn)ni  the  flume,  and  it4<  axis  should  pasR  through  and  be  paral- 
lel to  the  middle  of  the  ntnicture. 

(2)  The  length  of  tlie  weir  should  l>e  miftident  to  permit  all  water  necsded  to  pass 
over  it  without  the  depth  in  any  cufe  exceeding  2  feet. 

(3)  The  end  and  U^ttom  ciin tract ionH  of  the  weir  must  l)e  (u^mplete.  To  secure 
thin,  (u  I  thi>  cn*Ht  of  the  weir  uniBt  l>e  horizontal,  aufi  the  (dden  must  be  inclined  to  a 
vertical  line  at  an  angle  whtine  tangent  in  0.25;  (b)  the  creHt- of  the  weir  must  be 
}x;riK*ndicu1ar  t^i  the  axis  of  the  diti'h;  (c)  the  n})Htn*anj  c^lgt*  of  l)0th  crest  and  sides 
of  tlu'  weir  ninnt  Ih'  sharj),  Hn<l  the  walln  <Tut  away  therefn>ni  to  prevent  the  creation 
of  a  vamnini;  (d)  tlu^  dintanee  (»f  the  cnwt  of  the  weir  fnmi  the  Ixtttom  of  the  flume 
miiHt  \)o.  thnt'  tinii.>H  tin*,  maximum  depth  of  water  intendeil  to  paHH  over  the  weir,  and 
the  dintaiKH^  fnun  the  end  of  the  t'rest  of  tlu>  weir  to  the  niden  of  the  flume  must  not 
l)e  \wn  than  twice  the  maxinnnn  depth  of  wat^T  to  flow  over  the  weir. 

(4)  The  flmit  wliich  atttuateM  the  n^'onling  inntnnnent  Hhould  be  placed  far  enough 
away  fn^m  thr  weir  to  tHHMin'  an  accurate  meanun'ment  of  depth.  This  is  6  feet  in 
the  nketch.  CoinuM'tion  with  th«^  well  nhonld  1h»  by  im(*-half-inch  orifice  through 
the  Hid(>H  of  the  flume  and  well. 

(5)  A  jMK^t  for  eluH'kinfr  the  nn^onl  of  the  n^giHter  Hhould  Ik*  fastened  to  the 
lH)ttom  or  Hide  of  the  flume,  with  a  nail  in  itn  top  exa<'tly  level  with  the  crest  of 
the  weir.  The  aernrary  of  n-i'orchMl  depthn  nhould  U»  t«»j<ttH!  t«<»h  time  the  sheet  on 
th(^  n*giHt4'r  in  cliangi^l. 

{^^)  The  <lepth  of  water  nu  the  weir  can  U*  <letermin<Hl  by  the  following  method: 
Having  the  iM>r]N'ndicidar  dintantv  from  the  to]»  of  a  cn>HHlH*am  to  the  top  of  the 
{M)Ht  n^fernnl  to  (r)),iuea»4un^  the  dintance  fnun  the  top  of  the  crt>HHl>eam  to  the  water 
Hurface  either  with  flnely  gniduatinl  wale  or  hook  gim^e.  The  <lifferen(H»  between 
thiw  two  dintann'H  will  give  depth  of  water  n'<juire<l. 

MKXhlHlNO    KLrMI->. 

Kigiire  10  is  an  isoniftric  iinije<'tion  nf  \\\r  ni(*}u<inring  flume  ])ro|H)Hit<l  to  be  used 
when'  (*on<litions  do  not  ]MTmit  of  a  weir.  In  conHtrurting  theHt^fluniitH  the  following 
nHpiireuM^ntH  nhould  U*  ol^nervnl: 

( 1 )  liottoni  of  flunu*  (fig.  10)  nhould  In*  Imrizontal  in  iNith  dinn'tiitUH;  the  sides  ver- 
tical. The  length  mu^t  in  no  case  Ik*  1c.<s  than  12  fe(>t  nor  leHH  than  twice  the  width 
of  the  ditch  or  canal,  and  width  mu^t  )m*  (Miual  to  width  (»f  ditch  on  the  bottom. 

(2)  The  n])Htn*ani  <'n<l  nhould  have  a  sMl)iiiergc<l  apron,  extcMiding  2  fcH»t  l)elowthe 
Ixittoin,  to  ])revent  leakage.  The  wings  at  the  side  should  extend  into  the  bank 
lK»yond  the  Hurfa<v  water  line  of  the  ditch,  an<l  the  an^rle  of  ine.lination  to  the  axis  of 
the  ditch  should  not  cxcin^d  .'50  ilegrees. 

(.S)  The  channel  of  the  ditch  should  have  a  uniforni  grade  and  cro.^s  nectiou  for 
100  feet  n]>streani  from  the  flume,  and  should  In-  straight  for  that  distance,  with  its 
axiH  iMiHsing  through  tlit^  middle  of  the  flume  and  pandU>1  to  it. 

(4)  The  well  for  the  register  float  should  In- pla<-e<l  thnn'-fourths  of  the  diatanc* 
from  the  upstream  end  of  the  flume  and  Ih^  coniHH*te<l  with  the  water  then»in  by  an 
oriflce  one-half  inch  in  <liamet(T. 

(f))  The  well  for  tln^  n^ister  float  for  lH»tli  weirs  and  tlinnes  siiould  Ik'  made  largo 
t'noufi;li  ti}  {H^ntBLUi  Nith  float  and  counter>Ne\v^\\\,  \\\  vm\v;\:  Vv^  vtvAv-^^v  "OcvviYsv  Vt^arci  \.V«» 
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action  of  the  wind.    To  do  this  it  should  be  10  by  16  inches  inside  n 

croflB  section,  tuid  ita  height  above  the  botfom  of  the  flame  should  be  more  than 

double  the  maximum  depth  of  water  the  flume  will  carry. 

(6)  Where  the  water  carrieif  xolid  matter  in  suspension  the  bottom  of  the  flume 
ehoiild  bo  about  one-tenth  of  a  fo<)t  above  the  grade  of  the  dilch,  so  that  all  silt  may 
lie  I'arried  through  and  not  permitted  to  settle  and  destroy  the  form  of  cross  section. 

(T)  The  foundation  timbers  of  all  structures  should  be  solidly  embedded,  and  the 
earth  around  them  and  around  the  sides  of  the  structure  csrefoDy  and  solidly 
rammed,  in  order  to  prevent  any  subsequent  settlement  or  paasBge  of  water  around 
either  the  bottom  or  sides. 


t  lie  e 


The  following  instructions  should  be  observed  in  placing  the  register: 

The  dii<tan<-e  from   the  bottom  of  the  register  to  high-water  .nark  ii 
inches  more  than  the  total  rise  and  fall  of  the  water. 

Record  sheets  proiide  for  eight  days,  but  clocks  should  be  wound  and  paper 
(Changed  once  eatrh  week.     The  sheets  are  designed  for  this  to  be  done  on  Saturday. 

The  accuracy  of  the  registered  depth  of  water  flowing  over  a  weir  or  in  a  flume 
should  be  tested  before  and  after  the  change  of  each  sheet.  Any  inaccuracies  in 
either  deptli  or  time  should  be  noted  on  the  sheet  when  observed  and  the  same  cor- 
rected. Care  should  be  observed  in  returning  pen  to  starting  point  that  the  gearand 
pinion  do  not  become  marred.  The  ball  bearings  ahoulii  be  oiled  once  each  month. 
The  ink  in  the  pen,  if  a  pen  is  used,  should  be  renewed  each  week. 

The  report  of  land  irrigated  and  the  register  sheets  showing  the  depth  of  water 
should  be  mailed  each  week  to  the  Cheyenne  office. 
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LIST  OF  OFFICIAL  STATI0K8  AISTD  0B8SBVEB8. 

Thr  studios  lmv«'  Im'oii  iimdo  })y  thi^  following o}is«*rv(?rs«  at  the  places 
imiii('<l: 

Ojfirlnl  statimit*  fur  Irrifjtltinn  iiin-Mtitjfttioiut^  nttd  lunnfM  nf  ttfuufrfnt, 
>lnl«-.  L(  fat  [nil.  oliM>rvcr. 


N'l'M-  .Trp- y Nrw  ilniii'iwirk !   rn>f.  E.  B.  Vtmrlu'i-n.of  tin*  Now  Joncy  Experiment  Rtatiao. 

NrhnLskii  ■ «ii)(hi>iiliinv \.  M.  Alloii. 

LiiH'tlM I'mf.  o.  V.  P.Stom.of  HiiivurHity  of  Nebniiilu. 

Moiitiiii.i Itiixfinun i'mf.  K.  Fort ifr.ftf  the  Mi muna  KzpeiimentBUiUon. 

Wyoiiiiiiir WliratlaiKl ;  M.  It.  Johiistoii. 

Iwiruinir ]*nif.  H.  ('.  RnfTnm.of  thi' Wyfrnilriff  Experiment  HUtion. 

roloniilii III  illy Thdiiiiut  Ik>iTy.rhicf  ciiKfmi'r  fJrcat  FuUns  Water  Oo. 

Tvxiv* lirovllh* s.  A.  Mfll«*iiry.€»f  tlu'  Tfx«*i  Expi*rimcnt  Station. 

New  Mfxlci •  - .  < 'iirUluiiI W.  M.  \ivvi\, t'liii^f  ciiKint-tT  Pw«in  Vallyr  Irrintion  Co. 

Mrsillii  I'Hrk I'n if.  ('.T..li»r(lan,(»f  the  Now  M(*xi(!0  Experunent  Station. 

Arixiiiiit i'hii'iiix i  W.  II.  ('<mU>. chief  cntriiuiT  (^onMilldated  Canal  Co. 

(^iifdriiin Iiivfi>i«lr W.  Irvfiii?,  chief  onKliuiTGaKc  <*aiml  Oi. 

I-tah I^i^'nii I  i'rof.  (icii.  L.  SwciiflMi'n.of  the  Utah  Experiment  Station. 

Salt  l^ikc  rity U.t'.trfiniiicll.Stnte  ciiKiiKKT. 

IthiJ Huisi' I).  W.  I(4ir«s,  State  elljriMeiT. 


iThc  Stair  oiitfinriT  of  N>->ini«>kji,.i.  M.  Wils4iii.alsii  riKi]N'rat«'«l  with  ihin  in voHtf Ration  In  the  roUee- 
tiiin  iif  ilata. 

"Ket'iinN  uf  tlu' «1iity  nf  water  jit  Vxtre  hii«1  Kn^t  \jH>  Vi-pe>  an-  ulw>  lK>iii};  fnniiithi*f1  lis  by  the 
New  Mrxic«>  Ai;ri<'iiltiira1  KxiM-riiiicut  Statlnn. 

BELATIVE   MERITS  OF  WEIRS  AND  FLUMES  IN  THE  MEA8XJBX- 

MENT  OF  WATER. 

UoftM-cncc  Ims  jilrciulv  Imm'ii  uuulv  to  thr  fact  that  some  of  the  weirs 
put  ill  (lid  not  provr  siitisfjictorv.  This  was  duo  to  the  de|X)Hit  of  Hilt 
ahovo  thciii.  S(»diinoiit  iiivrstiir*»tioiis  iiiado  durinjr  tho  soason  Khowcd 
tliat  certain  Southern  stn»aiiis  carry,  duriiijj  floods,  as  high  a.*^  5  per 
cent  of  solid  matter  in  susi>ension,  and  that  canals  and  hit4^ral.'i  taking 
wattM'  from  thf»se  streams  have  to  he  cleaned  from  two  to  throe  times 
iwh  year.  Kven  where  the  pi^rcentajr*^  was  much  h»ss  than  this,  the 
deposit  of  sediment  was  .so  rai)id  in  souk*  cases  as  to  fill  the  lateral  or 
ditch  aiM)ve  tin*  weir  to  n  level  with  its  crest  in  twentv-four  hours. 
When*  this  ha])p(Mied  the  velocity  of  ai)proach  became  a  disturbing 
factor,  the  inllueiice  of  which  could  not  l)e  <letermined  owing  tO  the 
constant  chanjre  of  conditions.  Some  canal  <'ompanies  which  employ 
weirs  o[)erat(»  in  connecti<»n  therewith  a  sluicinj*"  device  which  removes 
th<»  accumulated  sediment  once  each  day.  i»ut  the  ol)je(*tion  to  this  is 
that  the  conditions  are  never  stahh*  and  it  is  impossildo  to  tell  for 
what  lent^th  of  time  weir  tables  u.^ed  a«rn'ed  with  the  actual  di.s<;harge. 
The  rectMit  invfvstitrJitions  in  the  tlr)W  of  water  over  dams  and  over 
weirs,  other  than  thos<»  with  sharp  <'d^^es,  may  aid  in  s(»curing  the 
adoption  of  a  form  of  weir  better  suited  to  the  .sedimtMit-laden  waters 
of  the  S(mthwt»st  than  that  employed.  )>ut  so  far  as  knife-edged 
weirs  are  con<M»rned  there  are  few  ditches  in  that  section  where  it  is 
not  p)ssibl(»  to  scH'ure  rating  tables  for  flumes  which  will  give  mucli 
more  reliable  and  ac'cumte  results.  It  was  al.<o  found  tnat  in  ft  num- 
Ijtn'  of  canals  the  grades  woyv^  Vh»  swwvVV  wwd  Uw  Itaukjs  too  low  to 
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secure  the  requisite  fall  below  the  weir,  and  in  such  cases  flumes 
would  not  only  be  prefei*able,  but  an  inevitable  substitute. 

The  most  serious  objection  to  the  use  of  flumes  is  the  labor  of  pre- 
paring accurate  rating  tables,  and  the  fact  that  a  current  meter  is 
required  for  doing  this.  The  recent  improvements  in  these  instru- 
ments, by  which  their  convenience  and  accuracy  have  both  ])een 
increased,  has  made  it  a  simple  matter  to  prepare  a  discharge  table  for 
flumes  in  which  the  flow  is  reasonably  unifonn.  With  ordinary  care 
this  discharge  can  be  determined  within  the  limits  of  aci;uracy  permit- 
ted by  the  meter  employed,  and  in  the  best  instrmnents  this  error  is 
as  low  as  1  per  cent.  This  margin  of  error  is  below  what  is  permissi- 
ble in  the  delivery  of  water  or  attainable  in  this  investigation. 

THE  UNIT    OF  KEASTTKEMENT    EMPLOYED  IN    DISCUSSING  THE 

DUTY  OF  WATER. 

•  In  the  tables  which  follow  the  aca'e-foot  is  the  unit  of  volume 
employed.  This  is,  however,  sometimes  expressed  by  giving  the 
equiva'-ut  depth  to  which  the  water  used  would  have  covered  the  sur- 
face ii  rigated.^  This  unit  was  chosen  because  it  is  definite  and  because 
it  affords  a  convenient  base  for  the  comparison  of  quantities  used  in 
localities  where  the  period  of  use  was  not  the  same. 

It  is  usual  in  discussions  of  the  dutv  of  water  to  take  a  cubic  foot 
per  second  as  the  unit  of  quantity  and  the  period  during  which  a  crop 
requires  water  to  bring  it  to  maturity  as  the  time  during  which  the 
flow  of  that  volume  continues.  Thus,  when  it  is  said  that  the  duty  of 
water  is  60  or  80  acres  to  the  cubic  foot  per  second,  the  statement 
implies  that  the  quantity  of  water  used  during  the  season  had  been 
measured  and  the  average  volume  used  during  this  season  amounted 
to  a  cubic  foot  per  second  for  each  00  or  80  acres  irrigated.  In  order 
to  make  this  expression  definite,  it  is  necessary  that  the  dui*ation  of 
the  irrigation  period  be  known;  but  this  varies  so  widely  in  actual 
practice  and  in  different  localities  that  it  is  difficult  to  compare  the 
results  obtained  where  both  the  volume  used  and  the  time  of  use  are 
variai)les  which  have  to  ]>e  considered.  Hence,  the  duration  of  the  irri- 
gation season  or  base,  as  it  is  often  trailed,  is  usually  assumed.  In  a 
number  of  discassions  of  this  subject  the  assumed  base  for  the  Rcx^ky 
Mountain  regions  has  been  taken  as  varying  from  one  hundred  to  one 
hundred  and  fifty  days.  The  records  kept  last  year  show,  however, 
that  water  was  used  from  the  Gage  Canal  at  Riverside,  Cal.,  through- 
out the  entire  year,  while  the  canal  at  Wheatland,  Wyo.,  was  only 
operated  sixty  days  and  water  was  used  in  irrigation  a  shorter  time. 
Since  the  \mse  or  period  of  use  varies  so  widely  any  attempt  at  fixing 
an  average  one  would  be  wholly  arbitrarj'^.     Even  under  the  same 

*  This  in  really  the  recipr(K*al  of  the  duty  of  an  acre-foot,  but  its  use  is  a,  convenience 
and  involves  no  confusion  of  meaning. 
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mtiul  tlic  l(*n^tli  of  thr  season  has  to  )>c  asHunied,  because  no  two  irri- 
^itors  usr  wiiWv  for  tho  simio  liMi^h  of  time.  The  length  of  the 
iri'i<^atiii<i;  {XM'i<Hl  at  tho  .s<'V(m*u1  stations  is  shown  graphically  in  the 
a<-(*oiii]mnyin^  diatrniins  (PI.  III).  Nor  does  the  asHumption  of  a  con- 
tinuous flow  sicconl  with  pnM*ti('«\  Inxmase  on  many  c*anal8  a  system 
of  rotation  is  aln-acly  in  o{x>nition  in  thi*  delivery  of  water,  and  even 
when'  the  <*ontra<*ts  provide  for  a  constant  delivery  it  seldom  happens 
that  irri«r«it/)rs  use  water  in  this  way.  When,  therefore,  in  practice 
*J0  miner's  or  statutorv  inehes  are  used  on  an  aere  for  a  dav  and  none 
at  ail  for  tiie  next  twenty  days  it  is  niish'ading  to  discriiHH  the  duty  as 
tlioutrli  a  sin^U*  ineh  had  )>e4>n  us«mI  all  the  time.  In  nearly  all  of  the 
Northern  States  fullv  three  times  as  nnu'h  water  is  used  in  Julv  as  in 
Au^^ust.  Ilenre,  a  discussion  which  d<»als  with  the  delivery  of  water 
as  thou<rh  the  use  was  uniform  durin*^  this  ])eri(Kl  is  liable  to  load  to 
serious  mistakes  in  practice. 

l\y  the  us«'  of  the  acre-foot  as  th*'  unit  of  quantity,  all  of  the  arbi- 
tnirv  assumptions  involve*!  in  the  usi»  of  «»ither  the  '^  inch*' or  the  cubic 
foot  per  second  are  avoided,  and  its  emi>loyment  is  ecpially  correct  and 
conv«'nient  whether  the  supply  couh's  from  stn»ams,  wells,  or  reser- 
voirs, whether  the  use  is  contiiuious  or  int<M'mittent,  and  whether  it 
ends  in  two  months  or  extends  throughout  th(»  entire  twelve.  The 
flow  of  a  cuhic  foot  ])er  se«'ond  for  twenty-four  htmrs  amounts  to  1.98 
acre-feet,  so  that  the  conversion  of  volimies  from  one  unit  to  the  other 
can  1m»  readilv  made. 

SUMMARY  OF   MEASTJREMENTS  OF  DUTT  OF  WATSB. 

The  measurements  made  hv  observers  show  that  the  duties  obtained 
vary  from  less  than  I  acre-foot  of  water  per  acre  irrigated  to  the 
use  of  over  IT*  acre-feet  on  an  a<*re,  hut  these  widtMind  seemingly  eccen- 
tric variations  in  the  «juantities  used  were  the  results  of  manifest  causes. 
When'  water  was  distributed  through  well-built  dit<*hes  and  used  by 
careful  irrigators  there  was  a  surprisingly  close  agn^ement  in  re>tults« 
evtMi  in  wid<»ly  sej)a rated  hx^alities.  The  following  table  will  serve  to 
illustrate  this: 

/>iifi/  of  tnitt  I'  H'hrn-  uminnn  mi  iitit  in  iw  tii'nlf  on  Hiiidll  Ctinnh  nr  lattTUlH, 

I^H-alinii:  Acre-feet. 

( -roiKiuiHt  farm,  I 'tali 2.60 

T>ni^  fann,  Idaln* 2.40 

i\\\)fKy  Canal,  California 2.24 

Canal  No.  *J,  Wyoniinjr 2.  KJ 

Vann'  farm,  A rizona 2. 82 

Bilt'H  l^itenil,  (  'oIohkIo » 1. 82 

Mia«lh^  Crrek  Ditrli,  Montana 2.10 

IhHr^r^'tt  farm,  Nobrawka 2.47 

Mean  of  all  the  alnivi' 2.  Ji7 

'  b»\v  «luty  «\\u^  \u  varX  \^>  s^^wuXv  ^\\vv\\  vA  >»<ia.\v>T. 


OikCttAiii  Showing  Duration  or  ImKiATioNPiRioBOH  Maim  Canal*  liiCLueiiiiHiHvitrie*TiaMi. 


"■""  3..„.»,™     Z ! 


OiACHAM  SHOWine  Duration  op  IDMiCAnoN  oh  Faumi  Whim  Watm  wai  MiAtunio  in  (8M. 


DiAQRAMS  SHOWIHQ   LENQTH  OF  InDtOATION  SCASON. 
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An  interesting  comparison  with  the  above  is  afforded  by  the  mean 
of  the  duties  on  all  of  the  distributaries  of  the  Ganges  Canal  for 
1889-90,  during  the  khareef  season,  as  reported  in  Buckley's  Irriga- 
tion Works  in  India.  Here  the  mean  volume  of  water  used  in  the  irri- 
gation of  an  acre  of  land  was  121,970  cubic  feet,  equal  to  2.8  acre-feet 
for  each  acre  irrigated. 

Where  the  water  was  measured  at  the  margin  of  the  fields  there  was 
a  still  higher  duty  than  where  measured  at  the  heads  of  the  laterals. 
The  following  table  shows  the  duty  obtained  where  all  losses  in  dis- 
tribution were  eliminated  and  nothing  but  the  water  actually  spread 
over  the  fields  was  measured: 

IhUy  of  ivaler  where  meamremmts  were  made  at  margin  of  fields. 

Location:  Acre-feet. 

J  lateral,  Wyoming,  oats 1. 55 

J  lateral,  Wyoming,  com 70 

Farm,  Edgar  Wilson,  Idaho 1. 48 

Lowest  division.  Gage  Canal 1.  78 

Mean  of  measurements  at  Bozeman,  Mont.,  Experiment  Station  1. 20 

LOSSES  OF  WATEB  FROM  CANALS. 

The  duties  given  in  the  foregoing  tables  were  obtained  on  laterals, 
or  on  canals  where  the  losses  in  transit  were  not  large,  and  on  fields 
where  the  water  was  measured  at  their  margins.  They  therefore 
represent,  approximately,  the  volume  utilized.  In  practice,  however, 
the  losses  in  canals  from  percolation,  leakage  of  flumes,  evaporation, 
etc.,  are  an  important  factor  in  fixing  the  average  duty  of  water  from 
a  river  or  an  extensive  canal  system.  To  determine  this  average  duty 
the  volume  should  be  measured  at  the  headgate,  and  the  acres  it  irri- 
gates is  the  duty  which  c^nal  managers  have  to  consider  in  determin- 
ing the  area  their  works  will  irrigate.  This  duty  is  much  lower  than 
that  obtained  by  measurements  made  on  laterals  or  at  the  margins  of 
the  fields  where  used,  the  influence  of  the  losses  between  the  headgate 
and  the  heads  of  laterals  being  greater  than  has  usually  been  supposed. 
Where  canals  cross  gravel  beds  or  gypsmn  deposits  the  results  closely 
resemble  trying  to  carry  water  in  a  sieve.  The  following  table  gives 
the  number  of  acre-feet  used  in  the  irrigation  of  an  acre  of  land  where 
the  measurements  were  made  at  the  canal  headgates,  and  include  the 
loss  from  seepage  and  evaporation : 

Duty  of  water  when  losses  in  main  canal  are  included. 

Name  of  canal:  Acre-feet. 

Pecos  Canal,  New  Mexico 6. 61 

Mesa  Canal,  Arizona 3. 81 

Butler  Ditch,  Utah 6.24 

Brown  and  Sanford  Pitch,  Utah 5.32 

Upper  CSani^l  t^*-**        6.30 

Ami  4.92 

B "^.^Jfe 
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A  coinparison  of  thr  dutieH  in  the  u>)ovc  table  with  those  obtained 
wJH'n  tlio  wutor  was  measurod  whcri^  used  will  show  that  more  than 
twice  as  many  aero-foot  were  roquirod  where  the  water  wa8  measured 
at  tlu»  hoadtrato  as  whore  measurod  at  the  pla<ie  of  use;  or,  in  other 
wonls,  the  losses  in  the  (*anals  from  scH'pajre  and  evaporation  amount 
to  more  than  ono-iialf  the  <^ntire  supply.  This  is  in  a(*xK)rd  with  many 
of  th<'  moitsuromonts  made  on  irrif^ition  oanals  in  India.  Among  those 
recorded  in  Hucklc»v's  Irri^ition  Works  in  India  is  one  which  shows 
that  the  irripition  of  wheat  under  the*  Jamda  Canal,  in  Bombay, 
recjuirod  r).f>  acre-foot  of  wat4»r  for  each  a<»re  irrigated  where  the 
wati'r  was  mc»asurod  at  the  lioad  of  the  (*anaU  but  where  the  water  was 
moasun^dat  the  place*  of  use  it  ro(iuirod,  in  two  ex]>oriments,  only  2.1 
acro-foot  and  1.4  acro-foot  to  irrigate  an  acre,  the  loss  in  the  canal 
})oin(r  nioro  tiian  i>o  {hm*  cent.  On  the  Ilatimiati  CanaK  in  the  same 
country,  tlio  loss  from  seepage  and  ovaiM)nition  was  50  per  cenL 
Tht»so  iosscvs  in  transit  are  much  hcMivi<»r  than  is  the  rule  on  the  older 
canals  of  India,  and  are  dou)>tloss  more  p*nonil  than  they  will  Ix)  in 
this<'ountrv  when  the  })anks  of  <'anals  are  older  and  when  thev  are 
oiM'ratod  with  greater  ro^nird  for  I'conomy. 

The*  report  of  Mr.  U(*od(j).  l()J>)>*hows  that  47.7  jXTcontof  the  water 
turned  in  at  the  head  of  the  Pecos  C-anal  roa<*iiod  the  consuraors,  while 
52.  J^  per  <'ont  was  lost  throu^di  s(»opa«i:o  and  ovaponition.  The  causes  of 
this  loss  are  oxplainod  to  bo  the  chockinjj^  of  the  vol(H*ity  in  the  canal 
by  dams  in  order  to  throw  water  on  ground  too  hiji^h  to  Iw  irrigated 
without  this,  certain  def(>cts  in  construction,  and  the  nature  of  the  soil 
in  which  the  canal  is  built.  11ie  canal  has  a  bank  on  one  side  only. 
This  has  ])ro(luced  statrnant  lakes  and  \hhAs  on  the  up|M»r  side  wherever 
the  canal  <'rosses  ravines  or  where  the  <;round  on  the  upper  side  is  so 
low  that  the  water  overllows  it  wh«*n  the  canal  is  tilled.  Mr.  Reed^s 
report  also  shows  the  variation  in  rate  of  sei'pajre  due  to  the  character 
of  the  soil,  thn»o-fourths  of  the  water  ent<»rin^  ont»  section  of  the  canal 
1  mile  lon^^  \h^'u\^  lost.  To  his  sununary  of  the  i-ausos  of  the  great 
loss  of  water  there  mav  l)e  added  tin*  fact  that  the  water  us<»d  in  this 
canal  is  tak«'n  from  reservoirs.  Its  ten)])erature  is  already  al)Ove  that 
of  most  mountain  streams,  whith  facilitates  alike  its  rapid  tiltration 
and  evai)oration.  It  is  perfectly  cU»ar,  owinj;  to  tin*  fact  that  all  of 
the  si'diment  <*arried  by  tlu*  river  is  (l(»j)()sited  in  the  n^sorvoirs.  This 
canal  alTords  an  illustnition  of  a  lower  duty  on  a  particular  farm, 
measiirinjr  the  water  at  its  mar«rin,  than  the  jivi»ra«r<*  under  the  main 
canal,  measurintr  the  wat4M*  near  the  head<fates.  Mr.  Rood  }H)ints  out 
th(»  <'auses  for  this,  and  shows  that  it  does  not  illustratt*  the  necessities 
of  irritfjition,  but  the  iM)ssi})ilitiesofw:iste  under  oncouraj^injjf  conditions. 

The  watx'r  taken  into  the   Mesa  C  anal  durin*^  the  four  veal's  that 

measurements  have  lioon  mad<»  has  vtiried  from  I'lioujrh  to  cover  the 

land  to  a  depth  of  5.^,^  feet  \u  VHW  Vo  *A.t^  1v^vA\\\  \s\v^.    N.  \^vi\sjAvirement 
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was  made  in  1899  of  the  water  used  on  a  farm  where  the  land  had  not 
before  been  irrigated  and  where  more  than  the  average  amount  of 
water  was  required.  Owing  to  the  fact  that  rotation  was  practiced 
on  the  lateral  leading  to  this  farm,  it  is  impossible  to  determine  the 
exact  quantity  lost  in  passing  through  it,  but  the  water  delivered  at 
its  head  for  this  farmer  would  have  covered  the  land  to  a  depth  of 
only  2.8  feet.  The  difference  between  the  average  depth  under  the 
main  canal  and  the  depth  of  water  used  on  this  farm  was  just  1  foot, 
or  a  difference  in  quantity  of  1  acre-foot  per  acre  irrigated.  Mr. 
Code  estimates  that  this  difference  would  have  been  much  larger  if 
the  loss  in  transit  through  the  lateral  had  been  determined.  As  it  is, 
this  shows  a  loss  of  over  25  per  cent. 

The  construction  of  the  Gage  Canal  is  such  as  to  make  losses  through 
seepage  practically  nothing,  owing  to  the  canal  being  cemented.  The 
loss  from  evapoi*ation  is  also  small,  because  the  canal  is  deep  and 
narrow  and  has  throughout  its  length  a  uniform  cross  section,  with 
no  pools  of  still  water  on  the  upper  side.  As  compared  to  losses 
varying  from  25  to  75  per  cent  shown  in  other  canals,  the  loss  of  only 
6  per  cent  in  this  canal  has  great  significance.  The  water  turned  into 
the  head  would  have  served  to  cover  the  land  irrigated  to  a  depth  of 
2.24  feet,  while  the  mean  depth  for  the  water  delivered  to  irrigators' 
laterals  was  2.11  feet,  a  loss  of  only  0.13  of  an  acre-foot  per  acre 
irrigated.  Canals  can  only  be  cemented  on  earth,  as  is  done  in  Cali 
fornia,  in  localities  where  frosts  in  winter  are  not  severe.  There  are 
other  remedial  measures  which  can  be  employed  in  other  sections  which 
will  no  doubt  be  largely  adopted  when  the  extent  of  the  loss  from  this 
source  is  more  generally  realized.  Dumping  clay  into  the  canal  and 
causing  it  to  be  distributed  by  agitating  the  water  has  been  tried  with 
good  results  on  some  Nebraska  ditches. 

The  report  of  the  careful  and  interesting  investigations  of  Professor 
Fortier  at  the  Montana  Agricultural  Experiment  Station  shows  that 
in  the  Middle  Creek  Canal  nearly  22  per  cent  of  the  total  flow  was  lost 
in  seepjige  in  the  fii^st  4  miles^  while  the  probable  loss  in  the  entire 
canal  was  35  per  cent.  The  conclusions  of  Professor  Fortier  are  in 
accord  with  those  of  other  observers  as  to  both  the  evils  resulting  from 
this  loss  and  the  methods  by  which  it  may  be  reduced. 

The  water  taken  into  the  Logan  and  Richmond  Canal  would  cover 
the  entire  area  it  irrigates  to  a  depth  of  3.59  feet.  The  water  actually 
used  on  the  Cronquist  farm  would  have  covered  it  to  a  depth  of  only 
2.6  feet,  the  difference  between  the  average  duty  under  the  canal  and 
the  measured  duty  on  one  farm  under  it  being  nearly  1  acre-foot  of 
water  for  each  acre  irrigated,  or  a  difference  of  about  28  per  cent.  It 
is  believed  that  this  can  be  fairly  taken  as  the  loss  resulting  from 
seepage  and  evaporation  in  carriage. 

The  water  entering  the  headgate  oi  tVie  Xxsi\V,^  C»»si^  va^  QiQ^<^^»S^ 
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would  lijivo  .s*»rvod  to  covor  all  of  the  land  irri^ted  to  a  depth  of  4.92 
fcrt.  Tiio  wiit<»r  dolivorod  from  the  Biles  lateral  would  have  covered 
th(*  hind  under  that  lat(*nil  to  a  depth  of  only  1.82  feet.  The  difference 
b<»tween  tlie  avem^*  duty  under  the  eanal  and  the  Mpecial  duty  under 
one  lateml  is  M  jx'r  cent.  Thi8  seems  to  indi(*atc  that  more  than  one- 
half  of  the  water  taken  from  the  river  disappears  before  it  reaches 
the  plaei*  of  use.  An  examination  of  the  map  of  the  Amity  C^nal 
(PI.  XLI,  p.  ir»o)  will  show  the  i*eason  for  this  excessive  loss.  The  canal 
is  a  larp\  lon^  on(*  and  mu(*h  of  the  time  last  season  was  only  partly 
filled.  More  than  one-half  of  the  time  the  water  flowing  through  it  wan 
spread  out  in  a  hroad.  thin  she(»t,  which  reduced  its  velocity  and  gave 
a))undant  o|){)ortunity  for  th(^  continuous  sunshine  to  raise  the  temper- 
ature. This  iiicn»ase  in  temp«»niture  facilitated  l)oth  its  disappearance 
in  the  air  and  its  tiltration  tlircju^h  the  soil.  Mr.  Kerry's  reptirt  shows 
that  the  season  of  \sw  was  unusually  windy,  making  evaporation 
greater  than  usual. 

Knough  water  was  taken  into  Canal  No.  2  at  Wheatland,  Wy^-i  to 
have  coven^d  all  of  the  land  irrigated  to  a  depth  of  2.53  feet,  while 
only  i'liougli  water  was  deliven»d  through  the  ,]  Latend  of  tliat  i*anal 
to  cover  the  two  tields  on  which  the  water  usikI  in  irrigation  was 
measured  to  a  depth  res|M»ctiv«'ly  of  0.7  and  I.Tm  feet,  the  apparent 
loss  in  the  canal  iN'ing  one-half  the  water  ent^'ring  it.  In  this  case 
this  high  mte  of  loss  is  what  might  have  heen  ex|K»cted.  The  canal  is 
long.  It  tmvei'sesa  steep  hillside  slope  for  2  miles,  in  which  distance 
the  loss  under  the  lower  hank  is  (»xcessivt».  In  many  places  the  lx>ttom 
is  gravel,  through  which  water  escajxvs  fre«»ly. 

In  order  to  more  carefully  study  the  variations  in  those  losses, 
arnuigements  were  made  early  last  season  by  Frsink  C.  Kelsey,  city 
engirn'cr  of  Salt  Ijake  City,  Ttah,  to  measure  the  seejMige  loss  from 
the  Jordan  and  Salt  Lake  Canal,  from  the  flordan  Kiver.  This  canal 
is  2\*  miles  long,  with  a  }M)ttom  width  of  20  feet.  It  originally  had  a 
grade  of  'J  feet  \h*v  mile,  hut  when  nu»asured  was  in  had  condition, 
with  a  flow  of  iio  cubic  feet  per  second  at  the  head.  The  loss  in  29 
miles  was  4r»  p«»r  cent.' 

The  losses  from  sei'pag**  in  new  canals  are  excessive.  For  the  past 
six  months  TiOO  inches  of  water  have  been  flowing  in  at  the  head  of 
a  lo-niile  lateral  built  at  Hillings,  Mont.,  in  \x\KK  but  as  vet  not  a 
drop  has  reached  th«^  lower  (»nd.'~  On  a  canal  built  in  Salt  River  Val- 
ley. Wyoming,  there  was  a  loss  in  Isim;  of  lo  ru]m'  fe(»t  per  s«H»ond  in 
a  distance*  of  lOO  feet,  which  continued  for  si»vt^ral  we(»ks,  with  no 
apimrent  {)r:)spect  of  the  loss  diminishing.  This  was  about  one-third 
of  \ho  canal's  flow.     Tht»  <*anal  was  then  aban(h)ne(l.     The  canals  which 


* ^itateiiK'Ut  of  I.  1).  U'l)<>nncll,  Iliiliii;,'^,  Muiit. 


DISCUSSION  OF  nrVESTIGATIONS.  89 

take  water  from  the  North  Platte  River  are  all  subject  to  excessive 
losses  when  first  built,  because  of  the  sandy  soil  through  which  they 
must  pass.  In  high  water,  however,  this  river  is  heavily  charged 
with  a  white  clay,  due  to  the  erosion  of  its  banks.  When  this  is 
deposited  on  the  sides  and  bottom  of  ditches,  it  forms  a  coating  only 
less  impervious  than  cement,  and  after  a  few  weeks'  operation  during 
high  water  seepage  losses  always  show  great  diminution. 

Mr.  Code  reports  that  the  water  of  Salt  River,  Arizona,  contains  a 
cementing  material  which  in  time  renders  its  banks  almost  water-tight, 
so  long  as  they  remain  undisturbed.  This  has  not  heretofore  been 
possible  on  the  Mesa  Canal  because  it  has  been  undergoing  constant 
repairs  and  improvements. 

BELATION  OF  LOSSES  IN  TBANSIT  TO  THE  AMOUNTS  OF  APFBO- 

PBIATIONS. 

This  loss  from  canals  has  given  rise  to  a  number  of  perplexing 
questions  regarding  appropriations.  The  States  of  Nebraska,  Wyom- 
ing, and  Idaho  have  fixed  a  maximum  limit  on  the  amount  of  water 
per  acre  which  an  appropriator  can  acquire.  In  two  of  these  States 
no  one  is  permitted  to  appropriate  more  than  1  cubic  foot  per  second 
for  each  70  acres  irrigated.  This  limitation  has  given  rise  to  the 
question  as  to  whether  the  water  so  appropriated  is  to  be  measured  at 
the  margin  of  the  irrigated  field  or  at  the  head  of  the  canal.  Appro- 
priators  have  claimed  that  if  measured  at  the  headgate  the  losses 
in  the  canal  will  be  so  great  that  the  amount  delivered  will  be  inade- 
quate for  their  needs;  while  water  commissioners  have  insisted  that 
it  will  be  practicalh^  impossible  to  measure  each  appropriation  at  the 
head  of  the  user's  lateral.  Several  contests  over  this  matter  have 
alreadv  arisen  and  sooner  or  later  an  authoritative  decision  will  have 
to  be  reached.  In  one  instance  no  water  is  drawn  from  a  canal  for  a 
distance  of  11  miles  below  its  head.  Measurements  were  made  to 
determine  the  loss  in  this  distance  and  it  was  found  to  vary  from  18  to 
36  per  cent.  It  was  urged  that  this  loss  was  so  great  that  the  amount 
turned  into  the  canal  should  be  increased  enough  to  compensate  there- 
for, but  the  State  authorities  refused  to  recognize  this  claim  on  the 
ground  that  such  a  concession  would  put  an  end  to  the  improvement  of 
ditches,  since  the  greater  the  loss  the  larger  the  appropriation  which 
would  be  secured  and  that  its  practical  effect  would  be  to  plai'c  a 
premium  on  poor  construction  and  wasteful  opei'ating  of  canals. 

Much  of  the  water  which  escapes  from  canals  finds  its  way  to  the 
surface  below  in  the  form  of  springs  in  what  were  originally  dry 
ravines.  Irrigators  have  filed  on  these  springs  and  secured  thereby  an 
ample  water  supply  without  having  to  pay  the  canal  company  which 
furnishes  it  anything  for  operating  expenses  or  for  the  purchase  of  a 
water  right.     On  the  South  Platte  River  alow^  \3cv^\^  ^x^  os^^  ^^5:3K^  <5^. 
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these*  tilings  on  siM^pujife  wutors.  The  report  of  the  State  en^^ineer  of 
C()h)ni(l()  for  W.)S  shows  that  5,000  acTCH  in  the  Poudre  Valley  were 
irrigated  with  sroim^t*  water  in  that  year.  In  a  numtjer  of  instances 
eanal  companies  have  sought  to  e.sta})lish  a  title  to  the  water  of  these 
sprinjrs  and  to  eoHcM-t  for  its  transix)rtation  from  their  users;  but  the 
de(*isions  of  the  courts  in  these  eases  have  been  conflicting  and  no 

settled  i)olicv  has  as  vet  been  established. 

I.        •  « 

In  some  eases,  where  sIo|m^s  are  crossed  by  several  canals,  the  lowest 
one  fre(|uent1\'  is  benefited  rather  than  injured  by  filtmtion,  as  it  inter- 
cei)ts  the  water  lost  a)K)ve.  In  one  instance,  where  it  is  known  that 
a  lar^e  volume  of  seepage  water  is  escaping  from  high  line  canals,  a 
dit<'h  has  been  cut  parallel  with  the  river  ))ank,  but  some  distance  away 
from  it,  to  intercept  t  his  {)er<'olating  supply.  This  has  led  to  litigation 
to  determine  whether  or  not  this  is  an  interference  with  the  rights  of 
prior  ai)propriators  below  on  the  main  stream. 

Th(»  ]H»rcolating  watei*  from  <*anals  and  irrigated  fields  materially 
iiwreases  the  water  supply  of  W(»st(»rn  riv(M's.  Measurements  of  this 
return  or  seepage  water  have  shown  that  this  retu'hes  in  many  instances 
80  per  cent  of  the  original  volume. 

The  scTious  losses  from  cvai>onition  do  not  <M'cur  in  the  main  canals, 
but  from  the  iields  where  wat4»r  is  distributed.  During  midsummer 
the  (continuous  simshine  heats  the  surfaces  of  the  ground  to  a 
very  high  tenii)enitun'.  A  test  ma(h»  last  summer  show«»d  the  sur- 
face soil  in  southern  California  to  have  a  temperature  of  120^  F, 
When  a  thin  layer  of  water  is  spread  ov(»r  land  thus  heatt'cl,  as  is  fre- 
quently d(me  where  Hooding  is  pni<*ti(M»d,  the  loss  from  evaporation 
nmst  ])«»  excessive.  M  r.  KcmhI  discusses  this  in  his  report  (p.  J)8),  show- 
ing instanc<»s  where  it  has  beconn*  so  great  as  to  entiivly  absorb  the 
volume  su])plied.  Irrigators  know  hy  pnu'tice  how  much  faster  an 
irrigation  head  of  water  travels  ov(»r  ti(»lds  at  night  and  in  the  early 
morning  than  during  the  afternoon.  This  is  due  to  the  diflference  in 
the  nite  of  evaponition.  In  onh^r  to  lessen  this  loss  it  is  im{K>rtant 
that  fields  Ik*  irrigat«»(l  as  <{uick1y  as  possibh*.  To  this  end  each  irri- 
gator should  l»e  supplied  with  all  the  wat(»r  he  can  distribute*.  Where 
only  a  small  stream  is  us(»(i  progn^ss  is  slow;  the  soil  next  the  laterals 
is  supi'rsaturated;  it  is  hard  work  to  n»ach  the  high  sp(»ts  while  the 
low  ones  an»  overirriifated  bv  the  delav  this  I'ausi's.  The  contnicts  of 
the  Ciothenburg  Canal  in  Nebr.iska  agree  to  furnish  I  cubic  f(M)t  per 
second  for  So  acre.s,  but  in  supplying  the  owners  of  small  tnicts  their 
praclici'  is  to  give  to  nwh  patron  a  flow  of  and  not  less  than  2  cubic 
ft^et  [M'r  second  and  th«Mi  shorten  the  tina*  of  dt»Iiverv.  Professor 
Stout,  special  agent  in  Nebraska,  says  this  plan  is  nuich  more  satisfac- 
torv  to  farmers  and  to  the  canal  companv  than  to  (Udiver  a  constant 
flow  of  a  smaller  volume. 
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INFLX7ENGE    OF   FLUCTUATIONS    IN    SUPPLY    ON   THE    DUTY 

OBTAINED. 

A  low  duty  does  not  of  necessity  indicate  a  wasteful  or  unskillful 
use  of  water.  An  illustration  of  this  is  found  on  streanis  which  fur- 
nish more  water  than  can  be  used  during  the  flood  season,  but  where 
the  period  of  plenty  is  followed  })y  an  equally  assured  period  of 
drought.  Irrigators  have  learned  to  provide  against  the  latter  by 
pouring  on  their  land  all  the  water  it  will  hold  while  it  can  be  had. 
By  thus  saturating  the  subsoil  they  store  up  a  reserve  supply  which 
plants  draw  upon  when  the  ditches  fail.  The  report  of  Mr.  Code  deals 
with  this  practice,  and  the  diagram  of  the  flow  of  water  in  the  Mesa 
Canal  (PI.  VI,  p.  72)  shows  graphically  how  marked  is  the  scarcity  during 
the  hottest  part  of  the  year.  It  will  be  seen  by  examining  this  dia- 
gi-am  that  at  the  time  when  the  most  water  would  be  used,  if  it  could 
be  had,  less  was  actually  used  than  at  any  other  time  in  the  season. 
That  it  is  Ijfetter  to  waste  wat^r  on  the  land  when  there  is  a  surplus 
than  to  let  it  escape  down  the  river  and  have  crops  burn  later  in  the 
season  is  beyond  question,  but  the  results  of  such  irrigation  are  not 
nearly  so  satisfactory  as  they  would  be  if  this  flood  supply  could  be 
stored  in  reservoirs  and  be  available  for  use  when  needed.  Mr.  Code's 
report  shows  clearly  the  necessity  of  reservoirs  in  localities  like  the 
Salt  River  Valley.  They  are  needed  to  store  the  floods  which  now  run 
to  waste;  they  are  needed  to  enable  farmers  to  use  water  when  crops 
demand  moisture  and  to  relieve  them  from  the  alternating  floods  and 
droughts,  which  dependence  on  the  stream  alone  renders  inevitable. 
No  one  can  study  Plate  VI  without  realizing  the  injury  to  land  and  to 
crops  which  results  from  the  fluctuating  use  which  it  discloses. 

REQUIREMENTS  OF  DIFFERENT  OROPS. 

The  instructions  to  farmers  to  use  water  as  thev  had  hitherto  been 
in  the  habit  of  doing  made  the  results  show  more  clearly  than  they 
otherwise  would  the  influence  of  waste  in  lowering  the  duty,  and  of 
care  and  skill  in  increasing  it,  but  they  also  made  it  next  to  impossible 
to  derive  any  certain  conclusions  as  to  the  relative  needs  of  different 
crops.  It  is  known  for  example  that  less  water  is  needed  for  corn 
than  for  alfalfa,  but  it  is  possible  for  a  careless  irrigator  to  waste 
more  water  on  his  cornfield  than  another  uses  on  his  alfalfa  meadow, 
and  this  is  what  sometimes  happens.  It  is  also  known  that  where 
economy  prevails  it  requires  less  water  for  orchards  than  for  alfalfa, 
and  this  is  the  general  rule  in  these  measurements;  but  in  the  case  of 
Mr.  Cronquist,  in  Utah  (see  p.  217),  the  orchard  absorbed  more  water 
than  either  the  meadow  or  grain  field.  This  was  due  to  waste  in  the 
lateml.  It  was  a  parallel  case  to  one  cited  (p.  98)  by  Mr.  Reed,  who, 
in  discussing  the  benefits  of  rapid  distribution,  showed  how  ^U.  ^Sa^ 
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wiitor  «Mit4'riii^  SI  siimll  lateral  may  }>e  dissipated  by  socpaf^o  and  evap- 
onitioii.  T1h»  study  of  the  rclativo  retiuiremonts  of  different  crops 
demands  special  pre]>aration  and  s]xu*ial  inotiiods.  It  is  a  line  of  work 
siMM'ially  suited  to  the  a^rieultural  exp<'riment  stations  of  the  arid 
Stiitrs,  when*  it  is  hoiNKl  it  will  n»eeive  ineivased  attention. 

THE  BETT7BN  RECEIVEB  FROM  THE  USE  OF  AN  AOBB-FOOT  OF 

WATEB. 

The  followinjr  ta])le,  ^ivinjif  the  ivturn  from  the  use  of  an  acre-foot 
of  water,  was  pn»pared  by  taking  the  prices  received  for  the  crops 
^rown  on  an  acre  of  land  and  dividing  it  })y  the  water  used  in  the 
irripition  of  that  land,  the  places  chosen  }>eing  taken  from  amon^ 
those  where  water  was  measured: 

Vat  lit'  of  thf  rrojts  ninttimi  for  nwh  arrv-fitot  uf  miler  inu'fi. 

Avcrap'  of  six  cni\yt*  in  Mrmtaiia -.  $18. 42 

Avcn^r*'  for  rnijis  irripittHl  fn»iii  Hijr  (N)tt<»nw<MMl  ('r*H*k,  Ttah..  6. 34 

Avcra^rt'  for  rro|>H  irri^iit4Nl  from  ( 'anal  No.  2,  Wlu^atland,  Wyo. .  7.  tt9 

A  vcrajjc  for  <t<»i»h  irripitcNl  from  Mfsa  Canal,  Arizona 3.  37 

Vahu*  of  rroj)  from  ahnoiul  <ir4'Iianl  under  Mesa  (-anal 30.00 

Avorajjo  for  cto|>h  irrijratcKl  from  (lap'  Canal, California: 

lann  No.  1  :?07. 00 

Kami  No.  -2 237. 00 

Farm  Nt>. ;; ISO.  00 

THE  DIFFERENCE  BETWEEN  THE  BITTY  ASSUMED  IN  CANAL 
CONTRACTS  AND  THE  DUTY  FOUND  BT  THE  YEAR'S  MEAS- 
UREMENTS. 

A  comparison  of  the  n»sults  oi  the  year's  measurements  with  the 
duty  of  water  assumed  in  many  iminri'tant  water-rij^ht  crontracta  is 
interesting^  as  showinj^  their  a^nM»ment  with,  or  departure  from^ac^tual 
pnicticc.  Rclow  is  jjfivcn  the  (piantity  of  water  ajrrec<l  to  }>c  furnished 
by  a  number  of  canal  companies: 

AKIZONA. 

Ariznint  WtUtr  f'omjtanif. — S^IIh  |KTiH't.ual  wator  njrht.>j  for  0.  S3  J  cnlm*  foci  per  fiec- 
ond,  to  br  us(>d  on  not  to  cx('c<>d  S<)  a<'n*H.  Thin  ^Iwh  a  dnty  of  a  littlo  less  than  100 
m^n*H  JUT  rnbir  fo<^t  per  sc<'ond,  or  a  drjith  of  ?.•'>  U'vX  on  tin*  land  irripit«'<l. 

(hnnnlifhttid  Canal  (hmpfni}/. — S4*IIs  {uTiK'tnal  water  ri^lits  f<»r  not  t<i  exoee<l  one- 
third  of  a  miner's  \\\vh  jK*r  am*.  Thin  jrives  a  dnty  of  l^Oarres  |K»r  cubic  foot  per 
He<'ond,  or  a  depth  of  (i  feet. 

Rio  Vrnft'  ('ana!  CniNpanf/. — This  <-oinpany  sells  water  by  <|nantity,  agreeing  to 
furnisli  sndieient  wat4>r  to  cover  land  to  a  de]>th  (tf  2  u^tt  if  it  is  calknl  for,  and  more 
at  the  option  of  the  conijtany. 

CALIKOKXIA. 

Ont/r.  (.'anai. — AllowH  1  inch  to  5  acri*s,  <>r  1  cubic  foot  iH*r  s(H'on<l  to  250  acres. 
This  water  is  not  <leliver(Ml  in  a  <rontinu(>ns  tlow,  but  in  lurp*  streamn  for  short 
jwrifHiy,  ut  thv  convenience  oi  l\u».  cvmy^wwuT.    TUW  Wv\vs  vi\\'vh  v\.  ilevth  of  2.89  feet. 
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CX)LORADO. 

Larimer  County  DUdt. — Sells  water  rights  for  one  six-hundredth  of  the  (rapacity  of 
the  ditch,  without  specifying  how  much  land  is  to  be  irrigated. 

Neiv  Ijoveland  and  Greeley  Irrigation  and  Land  Company. — Sells  one  water*right  for 
each  80  acres,  allowing  a  flow  of  1.44  cubic  feet  per  second.  The  Colorado  law  com- 
pels companies  to  furnish  water  from  April  1  to  November  1.  For  that  length  of 
season  1.44  cubic  feet  per  second  would  cover  80  acres  to  a  depth  of  5.3  feet. 

Platte  Valley  Irrigation  Company. — Sells  a  water  right  for  each  80  acres,  allowing  a 
flow  of  1.44  cubic  feet  per  second,  or  a  depth  of  5.3  feet. 

Fort  Morgan  Laiul  and  Canal  Company. — Sells  a  water  right  for  each  80  acres,  allow- 
ing a  flow  of  not  to  exceed  1.44  cubic  feet  per  second  for  the  irrigating  season,  or  a 
depth  of  5.3  feet. 

Arkansas  River  Ixind,  Reservoir ^  and  Canal  Company. — Sells  a  water  right  for  each  80 
acres,  allowing  a  flow  of  not  to  exceed  1.44  cubic  feet  per  second,  or  a  depth  of  5.3 
feet. 

Dolores  No.  2  Land  and  Canal  Company. — Sells  water  by  the  cubic  foot  per  second, 
without  limiting  the  consimier  as  to  the  area  which  he  may  irrigate. 

IDAHO. 

Phyllis  Canal. — Contracts  provide  that  the  amount  of  water  delivered  shall  not  at 
any  time  exceed  an  amount  equivalent  to  1  cubic  foot  per  second  for  50  acres,  and 
that  the  total  maximum  quantity  allowed  shall  not  exceed  2  feet  in  depth  on  the  land 
irrigated.  Since  1899  will  sell  water  by  the  cubic  foot  per  second,  with  no  limitations 
as  to  the  area  to  be  irrigated. 

Boise  and  Nampa  Canal. — Until  1899  delivered  water  at  the  rate  of  1  miner's  inch 
to  the  acre,  but  not  to  exceed  3  feet  in  depth  on  the  land  irrrigated.  Since  1899  sells 
water  by  the  cubic  foot  per  second,  with  no  limitations  as  to  the  area  to  be  irrigated. 

MONTANA. 

• 

Minnesota  and  Montana  Land  and  Improvement  Company. — Sells  water  by  the  miner's 
inch  without  regard  to  the  area  to  be  irrigated.  For  the  season  of  1899  the  farmers 
under  this  company's  canal  ordered,  on  an  average,  1  miner's  inch  for  3.77  acres, 
showing  a  duty  of  about  150  acres  per  cubic  foot  per  second. 

NEBRASKA. 

North  Platte  Irrigation  and  Land  Company. — Sells  water  rights  for  1.44  cubic  feet  per 
second  and  describes  land  on  which  it  shall  ]ye  used. 

Interstate  Canal  and  Water  Supply  Company  (Wyoming  and  Nebraska). — Agrees  to  fur- 
nish 1  inch  per  acre,  or  1  cubic  foot  per  second,  for  50  acres.  The  legal  season  in 
Nebraska  is  200  days,  from  April  15  to  November  1.  One  cubic  foot  per  second  will 
cover  50  acres  to  a  depth  of  7.9  feet  in  that  time. 

NEW   MEXICO. 

Pecos  Irrigation  and  Improvement  Company. — Water-right  contracts  provide  for  the 
delivery  of  43,560  cubic  feet  of  water  per  acre,  suflScient  to  cover  the  land  to  a  depth 
of  1  foot,  delivered  at  such  times  and  in  such  quantities  as  may  be  necessary  for  the 
proper  irrigation  of  crops. 

TEXAS. 

T.  C.  Purdy. — Water-right  contracts  call  for  the  delivery  of  43,560  cubic  feet  per 
acre,  to  be  delivered  in  not  more  than  5  irrigations  per  annum. 
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WAHHIN«TI>N. 

tnkimn  Jnn-Ht limit  (oinptmif. — ('ontrau'tH  to  deliver  not  to  ezooed  1  cubic  foot  per 
wMroiid  {MT  UH)  ut-n'H,  froiii  April  1  to  CKioU>r  31.    This  given  a  depth  of  2.65  feet. 

U'VOMINii. 

W'ljoin'unj  Pnriopiiu'iit  Cr^njMtnif. — S'IIh  water  ri^htM  ^rivin^  the  right  to  part  of  the 
total  Mow  nf  ranal. 

Fitttnnnn  i'an4ii  ('nni/*fiiiif. — S«'11h  a  water  right  for  each  8  aereH,  allowing  a  flow  of 
one-tfiith  cubir  f<N)t  iN*r  Hct'ond.  Wyoiiiing  caiialH  do  not  onlinarily  run  more  than 
(iOdaVH.     ill  that  tiiii<*  thi.«  flow  would  give  a  <lepth  of  1.4<$  feet. 

Coffif  <  a iiti/.-  Shan't*  n'preHt'iit  water  fnr40arreH,  and  the  <|uantity  delivered  ianot 
tn  <>x<'4H'<i  (irii'-liulf  <'iibi(!  f(N)t  {HTtHMfrnd.    Thin  given  a  depth  of  1.46  feet  in  60  dayiL 

In  tho  following  tu)>lo  is  suinmurized  the  results  of  the  actual  meas 
un»incnt^j  of  the  duty  of  wuter: 
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HEED  OF  CONTIVniVO  THE  XHYEBTIOATIOV. 

This  report  (loos  not  deal  with  all  the  factoi*8  which  influence  the 
duty  <»/  water,  l)eeaiis<»  time  did  not  p(»rinit  of  their  «tudj\  All  of 
the  ari*an^<'ni<Mits  for  the  work  iKM'fonncd  had  to  be  made  after  the 
irri^ition  season  in  the  South  had  In^^un.  This  included  securing^ 
special  ag'ents,  enlisting  the  coo{x^]*ation  of  farmers,  placing  apparatus 
in  ditches  and  canals,  and  in  some  (*ases  the  devising  of  special  instru- 
ments. For  these  reasons  the  necessity  for  storage  reservoire  has 
}>e(?n  H»ft  for  sul)s<»(iu<»nt  study  and  disi^ussion.  The  subject  is  of 
conunanding  imjKirtance,  iM'caiise  it  can  not  i>e  considered  apart  from 
the  fundamental  question  of  who  is  to  own  orconti'ol  the  stored  water^ 
and  what  is  to  he  the  chanicter  of  rights  to  store  water  from  sti'eams. 
Sooner  than  is  generally  realized  the  public  or  private  ownership  of 
Western  rivers  is  destined  to  be  one  of  the  great  S(K*ial  and  industrial 
(luestions  of  this  country.  Their  waters  are  worth  more  than  the 
land,  pul»lic  or  private,  through  which  they  flow,  and  the  manner  of 
their  disposal  will  do  more  to  sha|M^  Western  civilization  and  promote 
or  retard  W(»stern  dcnelopment  than  all  other  causes  combined.  The 
study  of  the  duty  (»f  wat(»r  is  a  study  of  the  farmer's  needs,  and  it  is 
hojMMl  that  the  pn^sentation  of  these  needs  will  tend  tx)  promote  the 
creation  of  an  irrigation  system  which  will  make  the  supplying  of 
his  necessities  of  first  imi>ortance  aod  be  a  matter  of  just  pride  to  the 
nation. 


COMPUTATION  OF  DISCHARGE  RECORDS  AND  PREPARATION 

OF  DIAGRAMS. 

Bv  C.  T.  Johnston, 
Asmiant  in  Irrigation  Investigations. 

From  twenty  to  thirty  stations  were  maintained  during  the  irriga- 
tion season  of  1899.  From  these  weekly  reports  were  forwarded 
to  the  writer  at  Cheyenne,  where  all  computations  were  made  under 
his  supervision.  The  reix)rts  consisted  primarily  of  register  sheets 
giving  the  depth  of  water  flowing  in  ditches  and  canals.  Rt»gister  No. 
1,  which  has  been  described  in  another  portion  of  the  report,  was 
generally  employed  in  the  work.  Its  sheets  are  1  foot  square,  and 
are  divided  into  time  and  feet  divisions  running  at  right  angles  to  each 
other.  The  smallest  time  division  is  two  hours,  shown  on  a  scale  of 
one-eighth  inch.  The  smallest  depth  or  feet  division  is  0.02  of  a 
foot,  which  permits  the  depths  shown  on  the  sheets  being  read  to 
0.01  foot  with  ease.  The  sheets  begin  with  Saturday  and  run  through 
the  following  Saturday,  thus  allowing  half  a  day  at  each  end  of  the 
week  for  the  o])server  to  visit  the  register,  change  the  register  sheet, 
and  wind  the  clockwork.  Weekly  report  cards,  giving  the  depth  of 
rainfall  and  such-  other  information  as*would  affect  the  use  of  water, 
were  received  with  the  register  sheets. 

COMPUTATIONS. 

On  September  15  five  hundred  register  sheets  were  on  file  in  the 
ofiice.  Each  station  was  given  a  number,  beginning  with  1  in  Texas 
and  running  west  through  New  Mexico,  Arizona,  and  California,  east 
through  Utah  and  Colorado,  west  including  Nebraska,  Wyoming,  and 
Idaho,  and  finally  terminating  with  Montana.  As  the  sheets  and  cards 
were  received  they  were  dated  and  filed  under  their  station  number. 

The  register  sheets  give  a  continuous  record  of  the  depth  of  water 
passing  through  a  flume  or  over  a  weir.  The  relation  between  tkese 
depths  and  the  corresponding  discharges  is  more  or  less  complex,  de- 
pending on  the  perfection  of  the  measuring  device.  If  a  weir  is  used, 
the  velocity  of  approach  may  make  the  relation  more  complicated, 
and  in  case  of  a  rectangular  weir  the  end  contractions  add  difficulty  to 
the  computations.  The  Cippoletti  weir  has  been  generally  adopted  in 
the  work.     The  relation  between  the  depth  and  discharge  is  expressed 

3 

by  the  formula  Q=3.3iiLA^,  where  Q  is  the  discharge  in  cubic  feet 
per  second,  L  is  the  length  of  the  crest  of  the  weir  iu  t^ft.t^^\sdc  K\s8»>5ciRi 

A 


48  THE    USE   OK   WATEB   IN   IBBIOATION. 

dopth  of  wator  flowinj^  over  the  crest  In  feet  The  only  correction  to 
1)0  insid<».  when  this  weir  is  installed  properly  is  for  the  velocity  of 
apprcMK'h.  Whoiiover  this  exceeds  one-half  foot  per  second  the 
results  must  Ih>  increased  slififhtly.  Where  flumes  are  properly  con- 
stru<*t<'d  thov  atford  a  simple  means  of  meanurin^  water,  and  the  rela- 
tion hetwreii  the  discharge  and  the  corresponding  depths  18  less  com- 
plex than  in  case  of  wcii"s. 


Tabh's  (riving  th<'  discharge  of  weirs  of  various  lengths  and  depths 
have  Immmi  i)re{)tired  and  pul)lished  many  times.  None  till  the  require- 
ments of  this  investigation,  as  the  ninge  of  depths  and  lengths  of 
the  crests  are  not  suiiici(*nt.  It  being  imf^ossilile  to  compile  from  the 
various  sources  sjitisfa<"tory  ta!)les,  the  prei^iration  of  new  ones  was 
und<'rtak<Mi.  The  tal)les  were  computed  from  the  formula  of  the  Cip- 
poh'tti  weir.  They  include  weirs  from  1  to  10  feet  in  length,  and 
d«*pths  ninging  from  O.Ol  foot  to  one-fifth  the  length  of  the  weir.  As 
some  stations  had  used  weirs  l.r>  feet  in  length,  it  wa.^  included 
in  tin*  table.  Table  Xo.  2  was  deprived  from  Table  No.  1  hj-  dividing 
each  <lis<*harir<»  of  thi*  latter  bv  «».or>.     Table  No.  2  is  in  acre-feet  for 

a  period  of  two  hours.     The  <livisor  r».or)  is  ol)tained  from  -~ — ,    or 
'  <200 

the  numlierof  s<(uare  feet  in  an  acn*  divided  by  the  numlK>rof  seconds 

in  two  hours.     TabU>  numln'r  No.  2  has  been  used  in  the  reduction  of 

the  regist4M*  sheets,  the  smalh'st  time  division  on  which  is  two  hours. 

The  (h»pth  <'an  be  s«'en  al  a  glance,  and  tin*  corresjKuuling  discharge 

can  be  taken  from  tlu'  table.     This  table  should  prove  of   value  to 

those  having  the  m<>asuremtMit  of  wat<M*  in  <*harge,  as  it  eliminates  the 

timi^  feature  of  the  cubi<*  foot  per  s(H'ond  and  yet  puts  the  results  in  a 

compn»hensive  unit. 

Many  rectiingular  weirs  are  already  in  i*xist<»nce  and  several  agents 
have  <»mplov«'d  this  type.  It  is  often  the  more  convenient  form  in 
larg<*  <*anals.  Where  the  v(*l()<*ity  of  approach  is  not  excessive  and  the 
s:ni(le  of  tht^  canal  will  warrant  it  a  weir  can  be  instalhnl  in  a  flume  or 
other  structun*.  ()ft<'n  this  can  be  done  onlv  when  the  section  of  the 
canal  can  not  be  n»(luc(Ml  in  width.  Hy  tin*  us(»  of  a  rectangular  weir 
without  end  <*ontractions  this  can  be  ac(*omplished  and  approximate 
results  obtnint>d. 

To  enable  th(»  reports  from  such  stations  to  be  comi)uted  Tables  Nos. 
J^,  4,  r»,  T),  and  7  hav(»  betMi  prepared.  The  first  two  of  these  tables 
give  the  discharg4»  of  rectangular  weirs  without  end  contractions  in 
cu!>i<*  f<*et  per  second  and  acre- feet  for  two-hour  |H»riods.  Tables  5 
and  ♦)  give  the  discharge  of  weirs  with  end  contnictions  in  the  same 
units.  Table  7  gives  the  discharge  in  both  units  of  rectiingular  weirs 
without  end  contnictions  for  eiu*h  foot  in  width.  The  fourth  column  of 
this  table  contuins  the  coutnvcWow  ^i^y\v-vV\v>\\\\\  vv^^\^;Avi^A»>^x^R*»\A• 
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Table  1. — Discharges  of  Cippolelti  tveirs  of  different  lengths^  compuUd  from  the  formula 

Q=S.S'i  LhK 


Depth 

of 
water 

on 
crest. 

1-foot 

li-foot 

2-foot 

3-foot 

4-foot 

5-f()Ot 

6-foot 

7-foot 

8-foot 

9-foot 

10-foot 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

weir. 

Cu,/l. 

Cu.Jl. 

Cu.Jl. 

Cti./i. 

Cu.fl. 

Cu.fl. 

Cu.Jl. 

Cti./l. 

Ch.JI. 

Cu.Jl. 

CU.JI. 

Feet. 

par  sec. 

perKC. 

per  Kc. 

Iter  H€c. 

per  sec. 

j}er  sec. 

per  sec. 

per  ser. 

per  sec. 

per  sec. 

per  sec. 

0.01 

0.0034 

0.0051 

0.0067 

0.0101 

0.0135 

0.0168 

O.Oriffl 

O0236 

0.0269 

O0303 

O0337 

.02 

.0095 

.0143 

.0190 

.0286 

.0381 

.0476 

.0571 

.0667 

.0762 

.08.57 

.0962 

.03 

.0175 

.0262 

.0350 

.0525 

.0700 

.0875 

.1050 

.1225 

.1400 

.1574 

.1749 

.04 

.0269 

.0104 

.0539 

.0808 

.1077 

.1*47 

.1616 

.1885 

.2155 

.2424 

.2693 

.05 

.0376 

.0565 

.0753 

.1129 

.1506 

.1882 

.2288 

.2635 

.3011 

.3388 

.3764 

.06 

.0495 

.0742 

.0990 

AAM 

.1979 

.2474 

.2969 

.3464 

.3958 

.4453 

.4018 

.07 

.0624 

.0935 

.  1247 

.1871 

.2494 

.3118 

.3741 

.4365 

.4988 

.5612 

.6235 

.08 

.0762 

.1143 

.1524 

.2285 

.3047 

.:«09 

.4571 

.5333 

.6095 

.6856 

.7618 

.09 

.0909 

.1364 

.1818 

.2727 

.3636 

.4545 

.5454 

.6363 

.7272 

.8181 

.9090 

.10 

.1065 

.1597 

.2129 

.3194 

.4259 

.5323 

.6388 

.7452 

.8517 

.9582 

1.0646 

.11 

.1228 

.1842 

.2457 

.3685 

.4913 

.6141 

.7370 

.8698 

.9826 

1.1054 

1.2283 

.12 

.1399 

.2099 

.2799 

.4198 

.6598 

.6997 

.8397 

.9796 

1.1196 

1.2595 

1.3995 

.13 

.1578 

.2367 

.3156 

.4734 

.6312 

.7890 

.9468 

1.1046 

1.2624 

1.4202 

1.5780 

.14 

.1764 

.2645 

.3527 

.5291 

.7054 

.8818 

1.0581 

1.2345 

1.410» 

1.5872 

1.7336 

.15 

.1956 

.2934 

.3912 

.5868 

.7823 

.9779 

1. 1735 

1.3691 

1.5647 

1.7603 

1.0559 

.16 

.21.55 

.3232 

.4309 

.6464 

.8619 

1.0773 

1.2928 

1.6083 

1.7237 

1.9392 

2.1547 

.17 

.2360 

.3540  '     .4720 

.7079 

.9439 

1.1799 

1.4159 

1.6519 

1.8878 

2.1238 

2.3598 

.18 

.2571 

.3857 

.5142 

.7713 

1.02M 

1.2855 

1.5426 

1.7997 

2.0568 

2.3139 

2.6710 

.19 

.2788 

.4182 

.5576- 

.8365 

1.1153 

1.3941 

1.6729 

1.9518 

2.230(J 

2.5004 

2.7882 

.20 

.3011 

.4517 

.6022 

.9034 

1.2045 

1.5056 

1.8068 

2. 1079 

2.4090 

2.7101 

3.0112 

.21 

.3240       .4860 

.6480 

.9720 

1.2960 

1.6199 

1.9439 

2.2679 

2.5919 

2.9159 

3.2399 

.22 

.3474       .5211 

.6948 

1.0422 

1.3896 

1.7370 

2.0844 

2.4318 

2.7792 

3.1266 

3.4740 

.23 

.3714       .6570 

.7427 

1.1141 

1.4854 

1.8568 

2.2281 

2.5995 

2.9709 

3.3422 

3.7136 

.24 

.3958       .5938 

.7917 

1.1875 

1.58.34 

1.9792 

2.3750 

2.7709 

3.1667 

3.5625 

3.9584 

.•2.5 

.4208       .6312 

.8417 

1.2625 

1.683:J 

2. 1042 

2.5250 

2.9458 

3.3666 

3.7875 

4.2083 

.26 

.4463       .6695 

.8927 

1.3390 

1.7853 

2.2317 

2.6780 

3. 1243 

3.5707 

4.0170 

4.4633 

.27 

.  47-23 

7085 

.9447 

1.4170 

1.8893 

2.3617 

2.8340 

3.:)063 

3.7787 

4.2510 

4.7233 

.28 

.4988 

.7482 

.9976 

1.4964 

1.9952 

2.4941 

2.9929 

3.4917 

3.9905 

4.4893 

4.9881 

.29 

.5258 

.7887 

1.0515 

1.5773 

2. 1031 

2.6289 

3.1546 

3.6804 

4.2062 

4.7319 

5.2577 

.30 

.5532 

.8298 

1.1064 

1.659(> 

2.2128 

2.7660 

3.3192 

3.8724 

4.42.56 

4.9788 

6.5320 

.31 

.5811 

.8716 

1.1622 

1.7433 

2.3244 

2.9054 

3.4865 

4.0676 

4.6487 

5.2298 

5.8109 

.32 

.6094 

.9141 

1.2189 

1.8283 

2.4377 

3.0472 

3.6566 

4.2660 

4.87M 

5.4849 

6.0943 

.33 

.6382 

.9573 

1.2764 

1.9147 

2.5529 

3.1911 

3.829:1 

4.4675 

5.1068 

5.7140 

6.3822 

.34 

.6671     1.0012 

1.3349 

2.0023 

2.6698 

3.3372 

4.0O47 

4.6721 

5.3396 

6.0070 

6. 6745 

.:» 

.6971 

1.0457 

1.3942 

2.0913 

2.7884 

3.4856 

4.1827 

4.8798 

5.5769 

6.2740 

6.9711 

.36  , 

.7272 

1.0908 

1.4544 

2.1816 

2.9088 

3.6360 

4.3632 

5.0904 

5.8176 

6.5448 

7.2720 

..37 

.  7577 

1.1366 

1.5154 

2.2731 

3.0308 

3.7885 

4.W63 

5.3040 

6.0617 

6.8194 

7.5771 

.38  . 

.7886     1.1830 

1.5773 

2.3659 

3. 1545 

3.9432 

4.7318 

5.6204 

6.3091 

7.0977 

7.8863 

.39  ' 

.8200     1.2300 

1.6399 

2.4599 

3.2799 

4.0998 

4.9198 

5.7398 

6.5597 

7.3797 

8.1997 

.40 

.8517     1.2776 

1.7034 

2.5551 

3.4068 

4.2585 

5.1102 

5.9619 

6.8137 

7.6654 

8.5171 

.41  i 

.8838     1.3258 

1.7677 

2.6515 

3.5354 

4.4192 

5.3031 

6. 1869 

7.0708 

7.9516 

8.8384 

.42  1 

.9164 

1.3746 

1.8328 

2.7491 

3.6655 

4.5819 

5.4983 

6.4146 

7.3310 

8.2474 

9.1638 

.43 

.9193 

1.4239 

1.8986 

2.8479 

3.7972 

4.7465 

6.6958 

6.6451 

7.5944 

8.5437 

9.4930 

.44  ' 

.9826 

1.4739 

1.9652 

2.W78 

3.9304 

4.9130 

5.8956 

6.8782 

7.8608 

8.8-4a4 

9.8261 

.45 

1.0163 

1.5244 

2.0326 

3.0489 

4.0652 

5.0815 

6.0978 

7.1141 

8.1303 

9.1466 

101629 

.46  i 

1.0504 

1.5755 

2.1007 

3.1511     4.2014 

5.2518 

6.3021 

7.3525 

8.4029 

9.4532 

105036 

.47 

1.0848 

1.6272 

2.1696 

3.2544 

4.3392 

5. 4240 

6.50aK 

7.5936 

8. 6783 

9.76.31 

10^479 

.4S 

1.1196 

1.67W 

2.2392 

3. 3588     4. 4784 

5.5980 

6. 7178 

7.8372 

8. 0567 

100764 

11.1960 

.49  1 

1.1548 

1.7321 

2.3095 

3.4643 

4.6191 

5. 7738 

6. 928(5 

8.0834 

9.2381 

10  3929 

11.. 5477 

.50  ' 

1.1903 

1.7a51 

2.3806 

3.6709 

4.7612 

5.9515 

7.1418 

8.3321 

9.5224 

10  7127 

11.9030 

.51  1 

1.8393 

2. 4524 

3.6785 

4.9017 

6.1309 

7.a)71 

8.5833 

9.8095 

11.0356 

12.2618 

.52  , 

1.8936 

2.5248 

3.7873 

5.0197 

6.3121 

7.5745 

8.8370 

100994 

11.3618 

12.6242 

.53  1 

1.94a5 

2.5980 

3.8970 

5.1961 

6.4951 

7.7041 

9.0931 

10  3921 

11.6911 

12.9901 

.M  i 

2. 0039 

2. 6719 

4.0079 

5.3438 

6.6798 

8.0157 

9.3517 

10  6876 

12.0236 

13.3.595 

.55 

2.0598 

2.7465 

4.1197 

5.4929 

6.8662 

8.2394 

9.6126 

10.9859 

12.3591 

13.7323 

.56 

2.1163 

2.8217 

4.2326 

5.6434 

7.0543 

8.46.=»1 

9.8760 

11.2868 

12.6977 

11.1085 

.57  I 

2.1732 

2.8976 

4.3464 

5.7953 

7.2441 

8.6929 

101417 

11.5905 

13.0393 

14.4881 

.58  ! 

2.2307 

2.9742 

4. 4613 

5.9484 

7.4355 

8.9226 

104097 

11.8969 

13.3810 

14.8711 

.59 

2. 2886 

3.0515 

4.5772 

6. 1029 

7.6-287 

9. 1544 

10  6801 

12.2059 

13. 7316 

15.2573 

.60 

2.3470 

3.1294 

4.6940 

6.2587 

7.8234 

9.3881 

10  9527 

12.5174 

14.0821 

15.6468 

.61 

2.4a59 

3.2079 

4.8119 

6.41.')9 

8.0198 

9.6238 

11.2278 

12.8317 

14.4a57 

16.0396 

.62 

2.4654 

3. 2871 

4.9307 

6.5743 

8.2178 

9.8614 

11.5050 

13. 1486 

11.7921 

16.4357 

.(^ 

2.5252 

3.3670 

5. 0505 

6. 7a40 

8.4175 

101009 

11.7844 

13.4679 

15. 1514 

10.8349 

.64 

2.585<i 

3.4475 

5.1712     6.8949 

8.6187 

10»424 

12.0661 

13.7899 

15. 5136 

17.2373 

.65 

2. 6464 

3.5286 

5.2929  i  7.a-)72 

8.8215 

10  5857 

12. 3500 

14.1143 

15.8786 

17.6429 

.66  ' 

2.7077 

3.6103 

5.4155     7.2206 

9.0258 

108310 

12.6361 

14.4413 

16.2465 

18.0516 

.67; 

2. 7695  1 

3. 6927 

5.5390 

7.385^4 

9.2317 

11.0781 

12.9244 

14.7707 

16.6171 

18.4634 

.68  • 

2.8317 

3. 7757 

5.6635 

7. 5513 

9. 4392 

11.3270 

13.2148 

15. 1027 

16.9905 

18.8783 

.69 

2.8W4 

3.8593 

5. 7889 

7.7185 

9.6481 

11.5778 

13.5074 

15.4370 

17.3667 

19.2963 

.70 

2. 9576 

3.wa5 

5. 9152 

7.8869 

9.a586 

11.8304 

13.8021 

15.7738 

17. 7456 

19.7173 

.71 

.   •  •  ■   •   •  •  • 

3  0212 

4.0283 

6.0424 

8. 016.5 

100706 

12.0^48 

14.0989 

16.1130 

18. 1272 

20.1413 

.72 

3.0852 

4.1137 

6.1705 

^.  2273 

10.2842 

12.3410 

14. 3978 

16.4.547 

18.5115 

20.5683 

.73 

8. 1497 

4. 1997 

6.29a5 

8.3993 

lO  4992 

12.6990 

14.6988 

16.7987 

18.8985 

20.9983 

.74 

3  2147 

4.2863 

6.4294 

8.5725 

10  7156 

12.8588 

15.0019 

17. 1450 

19-28*1 

.75 

3.2801 

4.3734 

6.5601 

8. 7469 

10.9336 
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10-foot 
wdr. 
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24.1 
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24.  < 
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4a  4406 
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41.5190 
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43.1.M2 
43.7069 
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45.9670 
45.92W 
46.4871 
47.tfi06 
47.616S 
48.1813 
48.7545 
49.3290 
49.9017 

51.0577 
51.6300 
52.2225 
52.8081 
53.3960 

5:f.wno 

M.  5781 

55. 1725 

55.76A9 

56.3675 

56.9682 

57,5710 

58.1760 

68.7831 

59.8022 

60.0QM 

00.6108 

01.  L 
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Table  1. — Diifcharge^  of  Cijyj)olrUi  xveirn  of  different  leiujUiHy  atmputetl  from  the  forimUn 

Q=S.Si  Xr/i*— Continuefl. 


Depth 

of 
water 

on 
crest. 

1-foot 
weir. 

14-foot 
weir. 

Cu./l. 
per  nee. 

2-foot 
weir. 

Cu.Jl. 
jter  «r. 

3-foot 
weir. 

Cu./!. 
per  sec. 

'  4-foot 
1  weir. 

5-foot 
weir. 

6-foot 
weir. 

Cu./t. 
]Hr  f<ec. 

7- foot 
weir. 

8-foot 
weir. 

9-foot 
weir. 

10-foot 
weir. 

I\xt. 
1.51 

Cu 
jter 

sec. 

'  Cu./l. 
,  per  fcc. 

Cm.  /I. 
pcrser. 

Cu./t. 
per  «r. 

Cu.  /t. 
per  ttec. 
49.9753 
60.4726 
50. 9715 

Cu./t. 
pereec. 
56.2222 
56. 7817 
57. 3429 
57.9000 
58. 4710 
59.0377 
69.6063 
60. 1767 
60. 7489 
01.3229 
61.8987 
62.4763 
63.0557 
63.6368 
64.2197 
64.8044 
65.3909 
65.9791 
66.5691 
67.1608 
67. 7543 
68.3495 
68.9464 
69. 5451 
70. 1455 
70. 7476 
71.3514 
71.9569 
72. 5641 
7\l.  1731 

Cu./t. 

per  sec. 

62. 4691 

1.52 

t ■ 

63.0907 

1.53 



(53  7143 

1.54 

M    4790 

64.3400 

1.55 

.....        1  51*9742 

64  9677 

1.56 

' 

52. 4780 

65  5975 

1.57 

1  !V>  qM!U 

66  2292 

1.58 

53.4904 
53.9990 

66.8630 

1.59 



67  4988 

1.60 



I 

54.5092 

68.1365 

1.61 

68.7763 

1.62 

■ 

1 

69. 4181 

1.63 

1 1 

1 

70. 0618 

1.64 

1 

70. 7075 

1.65 

i 

71.3553 

1.66 

72.0049 

1.67 

72.6566 

1.6« 

. 

1 

73.3101 

1.69 



• 

« 

73.9657 

1.70 

1 

74. 6231 

1.71 

75.2825 

1.72 

■ 

75. 9439 

1.73 

.  . 

76. 6071 

1.74 



77.2723 

1.75 

77.9394 

1.76 

78.6084 

1.77 

79.2793 

1.7H 

79. 9521 

1.79 

80.6208 

1.80 

81.3034 

1.81 

81.9819 

1.82 

1 , 

82. 6622 

1.83 

• 

. 

83. 3445 

1.84 

M.  02K5 

1.85 

• 

81.7145 

1.86 



......... 

85. 4023 

1.87 

. 



86.0919 

1.88 

86.78a4 

1.89 

87. 4768 

1.90 

' 

• 

88.1720 

1.91 

88.8690 

1.92 

1 

89. 5678 

1.9:i 



90.2685 

1.94 

1 

......... ..--  . ..  .........|......... 

90.9709 

1.95 

91.6752 

1.96 

92. 3813 

1.97 

93.0892 

1.98 

93.7989 

1.99 

1 

94.5104 

2.00 

95.2237 

r/'i 
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2.33J0- 

n 

;.'!' 

.  IV'i 

VI -1 

■.»  .7'.» 

1  :  '7 1     1 

.  I  v.-^ .   1 

•.7(.:; ' 

i.i»i.>- 

2.  i.v»:<  - 

2.3917+ 

.' 

.:'.-; 

.  I't|». 

•.  ;7 1  . 

'.'*•  '.J 

..'.'»•     1 

.   l.-f"  ■     1 

7>'<»»i  ■ 

i.'.»»-.i;i  i. 

2.212J  + 

2.4.V«  + 

.'» 

.  ;.-:'. 

..."11 

.".  '.'.     1 

iHI-7 

■j'.'i*     1 

■.r;i  ■  1 

71  ^'>;  I  f 

•J.  01 7.*) 

•2.2fly7  - 

2..\219- 

Ul 

. 

;■.-.,■» . 

.  M7.! 

■, .  .«     1 

ii.;i.i 

.■.'»;i     I 

.."i-|H        1 

MOl-  , 

'J.«HW)  i 

2  327«  + 

2..SHIW  - 

<.l 

;;'.»/i 

..■.:^r_'  ■ 

.■.!».«       1 

II  .ii'i 

.:'...•>;      1 

. .'.'."  i7  ;   1 

K%>  4 

■J.  1 '.»«»•»  i 

2.  rWil  - 

2.a-»i2- 

•; ' 

,  , 

|i»-|  . 

...!.':{. 

>|..<i      1 

(1-1.7 

.:•.  >.;  ■  1 

.  I'.-lmi  ■     I 

i»<in;+ 

'J  !7:«  { 

2.41.50- 

2.71fifi  + 

«..; 

, 

.  iiVi 

.hll'*      1 

II  :l 

.:;'i.;  ■  i 

.«■.•,!.■.       1 

<.»l7?<i 

•j.'J-.'J.l-*- 

2.riOI|- 

2.7>W+ 

I.I 

. . . 

.  nv  1 

.    i/H  - 

.^'•17  !    I 

i:;:'7 

.■i.!i«;     1 

.'irr,     1 

••-Ml  . 

'J.  ■-'?.«-». 

2..V>-I2  + 

2.H19I  + 

>;  1 

. 

•  .  i.JVi  i 

.  >.:■.! ; 

.  ^7 1'.l      I 

\-.tCi 

.!>!       1 

.  7  l-.i7  •  J 

(Ml:;. 

'J  :'.:l»*»-' 

2.(J24fi-' 

2.9162- 

.  '•>• 

.  M'.t. 

.  .■.•••■.7  . 

.H'J'.I    1     1 

I '.•:!-. 

.  r.ip'     I 

.7'.*rj  -   J 

[fs^h  ■■ 

J.  :^.^7u 

2.f.H.'M  - 

2.9i!t?7  + 

.*., 

. 

.  l.'iTh 

.Mill 

.'.•l.Vi  •    1 

■J.ii7  ■ 

.  ■•..'.'.'.»     I 

.^.;ii     -J 

I: -.I.:'. 

'1  Mil  • 

2  74f.fi + 

3.0MH  + 

.  <.*■ 

.  lu^l 

.iii'll 

.'.O-.l  !    1 

■2\^Z 

.."i»'i»'..'     1 

.  ''7JJ  ■    J 

l^i:5 

'J    1'>»k{  I  ■ 

2.WM3+ 

3.1201- 

t-'.i 

.  IT**!  } 

.  Ji:;7i» 

.  '.••V'.s  i    1 

'.»7'.*< 

..V1 17      1 

.'.•r;7    -J 

•j:  ;•-•'■.  • 

J  .V.lii     ; 

2.87^  + 

3. 1A9.1- 

VO 

.  KSM 

.fs'ilK  1 

.  '.1777  :   1 

:u):u;  i 

.  <;•.!'.♦."•  ■  1 

.'•.".1 '  J 

■jm.;  * 

•j.r.i»7-'-«  ' 

2.9331  + 

8.2591- 

.1 

.  vm 

.<^;>  1 

,  '.KIH7  '     1 

:i:!i7     1 

.iWit'i          1 

.  '.rc.'i    L' 

:\:'A>1 

'*.  iA\-X\  *■ 

2.W62+ 

3.3291  + 

.V 

.MINI 

.|17'.KI 

l.ul'.n  •   1 

:'..'.« !•.» 

!.'.♦'••.•        ■. 

.(•:;'.!•<  .  -J 

.;7'.i•^  • 

•J.7IW  - 

3.or>w- 

3. 3997+ 

.  v:; 

•                •  ■ 

.  .'.lim;  I 

.ll'M'.' 

\.UW2  •   1 

\\SK\  1 

.7.;:.  J    •-. 

o.v_»"i      •; 

ij'.Mi 

'J  77f.<;  f 

:j.l2:f7+ 

8.470B- 

. '.  1 

..Kin 

.  TIH.', 

IjNi'i?*    I 

iir.'.i.  ! 

.771.!      -J 

l.?.)l  •   •-'. 

>7'.n;  r 

'J.h;;:,'*!- 

3.1881  +  : 

3.5124- 

.  "/-I . 

>  ■      -  •  ■  ■ 

.hwrji- 

.7/L'*.»- 

i.o>*ia+  I 

4  us-  1 

i..s(i7L'-    J 

.  i«.h;  .  J. 

.■);ioi  - 

2..v.ur>.f- 

3.2630- 

3.C144-I- 
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Table  2. — DlschargeSy  in  acre-feet  for  taxhhour  periods^  of  dppoletti  weirs  of  different 
lengths^  computed  from  theformuUi  Q=3.Si  Lh^ — Continued. 


Depth 

of 
water 

on 
creat. 


Feet. 


1-foot 
weir. 


Acre- 
feet. 


l^foot 
weir. 


Acre- 
fffi. 


2-foot 
weir. 


Acre- 
feet. 


0.76 0.7374- 


.77 
.7« 
.79 
.80 
.81 
.82 
.83 
.S4 
.85 
.86 
.87 
.88 
.89 
.90 
.91 
.92 
.93 
.91 
.«5 
.96 
.97 
.  9o 
.99 


.7520- 

.7667- 

.7815- 

.7964- 

.8113+ 

.8264  + 

.8416- 

.8568+ 

.8722- 

.8876  + 

.9031  + 

.9188- 

.9345- 

.9503- 

.9661  + 

.9821  + 

.9982-- 

1.0143+ 

1.0305+ 

1.04eH  + 

1.0632  + 

1.0797  + 

1.0963- 


3-foot 
weir. 


.00 ; 1.1129+ 

.01 
.02 
.03 

.ai 

.05 
.06 
.07 
.08 
.09 
.10 
.11 
.12 
.13 
.14 
.15 
.16 
.17 
.18 
.19 
.20 
.21 
.22 
.23 
.24 
.25 
.26 
.27 
.28 
.29 
.30 
.31 
.32 
.33 
.31 
.35 
.36 
.37 
.38 
.39 
40 
.41 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
.49 
.50 


Acre- 
fed. 
1.1061- 
1.1280- 
1.1500+ 
1. 1722+ 
1.1945+ 
1.2170+ 
1.239ti+ 
1.2624- 
1.2852  + 

i.3oas-- 

1.3314+ 
1.3547+ 
1.3781  + 
1.4017- 
1.4254- 
1.4492- 
1.4732- 
1.4972  + 
1.5215- 
1.5458- 
1.5703- 
1.5919- 
1.6196- 
l.ft444  + 
1.6694  + 


4-foot 
weir. 


5.foot 
weir. 


Acre- 
feet. 
1.4748- 
11.5040- 
1.5334- 
1.5630- 
1.6927+ 
1.6227- 
1.6528+ 
1.6831  + 
1.7137- 
1.7413  + 
1.7752+ 
1.8063- 
1.8375+ 
1.8689+ 
1.9005+ 
1.9323- 
1.9642+ 
1.99<*>3+ 
2.0286  + 
j2.0611- 
2.0937- 
2.1265- 
l2. 1595- 
2.1926- 
2.2259- 


Acrc- 
feet. 
1.8435- 
1.8800- 
1.9167+ 
1.9537- 
1.9909+ 
12.0283+ 
hi.  0660+ 
,2. 1039+ 
2. 1421  - 
'2.1804  + 
2.2190  + 
2.2578+ 
2.2969- 
2.3361  + 
2.3756+ 
,2.4153  + 
2.4553- 
2.4954- 
l2.5a'S8- 
2.5763+ 
2.6171  + 
2.6581  + 
2.6993+ 
2.7407+ 
2.7824- 


6-foot 
weir. 


Acre- 
feet. 
2.2122- 
2.2560- 
12.3001  - 
2.:M44  + 
2.3891- 
"2.4340+ 
2.4792+ 
2.5247  + 
2.5705- 
12.6165+ 
2.6(>28+ 
2.7094  + 
2.7563- 
2.8034- 
■2.8508- 
2.8984- 
2.9463  + 
2.9945- 
3.0429+ 
3.0916- 
i3. 1405+ 
!3. 1897+ 
'3.2392- 
3.2889- 
i3.3388+ 
3.3891- 
3.4395+ 
3.4902  + 
3.5412- 
3.5921- 
3.6138+ 
3.69>5- 
13.7474  + 
13.7996- 
3.8.520- 
3.9046+ 
3. 9575  + 
4.0106  + 
4.0640- 
4.1176- 
4.1714  + 
4.22.55  - 
4.2798- 
4.3343- 
4.3890+ 


7-foot 
weir. 


Acre- 
feet. 
2.5809- 
2.6:120- 
2.6834- 
2.r352- 
2.7873- 
2.8397- 
2.8924+ 
2.9455+ 
2.9989- 
3.a526+ 
3.1066+ 
3. 1610  - 
3.2156+ 
3.2706+ 
3.3259- 
3.3815- 
3.4371- 
3.4936- 
3.6501- 
3.6069- 
3.66;»+ 
3.7213+ 
3.7790+ 
3.8:n0  + 
3.8953  + 
3.9539- 
4.0128- 
4.0719+ 
4.1314- 
4.1911- 
4.2511  + 
4.3114  + 
4.3720- 
4.4328+ 
4.4W0- 
4.5554  + 
4.6171  + 
4.6791  - 
4.7413  + 
4.8039- 
4.8666+ 
4.9297  + 
4.9930+ 
5.0567- 
5.1205+ 
,5.1847- 
'5.2491- 
15.3137  + 
5.3787- 
5.4439- 
5.5093+ 
5.5750+ 
5.  &410+ 
5.7073- 
5.7737+ 
5.8405- 
5.9075- 
5.9748- 
6.0423- 
6.1100+ 
6. 1780+ 
6.2463+ 
6.3148+ 
6.3836- 
6.4526 


3. 
3. 
3. 
3. 
3. 


8-foot 
weir. 


Aci-e- 
feet. 
2.9495+ 
3.0080- 
3.0667  + 
3. 1269 f 
3.1854  + 
3.2454- 
3.3056+ 
3.3663- 
8.4273  + 
3.4887- 
5504  + 
6125  + 
6750+ 
7378  + 
8010  + 
3.8W5  + 
3.9284+ 
3.9926+ 
4.0572  + 
4.1221  + 
4.1874- 
4.25:»- 
4.3189+ 
4.3a52- 
4.4518- 
4.5187  + 
4.. 5860+ 
4.6536+ 
4.7216- 
4.7898+ 
4.8584  + 
4.9273+ 
4.9966- 
5.0661  + 
5.1360- 
5.2062- 
6.2767- 
5.3475  + 
5.4187- 
5.4901  + 
5.5619- 
6.6340- 
5.7063  + 
5.7790+ 
5.8520+ 
5.9253  + 
5.9989  + 
6.0728  + 
6.1471- 
6.2216- 
6.29M- 
6.3715- 
6.4469- 
6.5226- 
6.5986- 
6.6749- 
6.7514  + 
6.8283- 
6.9054  + 
6.9829- 
7.0606+ 
7.1386+ 
7.2169+ 
7.2955+ 
7. 3744 
7.4536- 
7.5330- 
7.6127- 
7.6927- 
7.7730- 
7.8535+ 
7.9343+ 
8.0154+ 
8.0968+ 
8.178S- 


9-foot 
weir. 


10-foot 
weir. 


3. 
3. 
4. 
4. 
4. 


Acre-feet. 
3.3182+ 
3.3839+ 
3. 4501  - 
3.5166+ 
3.5836+ 
3.6510+ 
3.7188+ 
3.7871- 
3.8557+ 
9248- 
9942+ 
0641  + 
1344- 
2051- 
4.2761  + 
4.^476- 
4.4195- 
4.4917  + 
4.5644- 
4.6374- 
4.7108- 
4.7846- 
4.8588- 
4.9333+ 
5.0083- 
5.0836- 
5. 1.593  - 
5.2353  + 
5.3117+ 
5.3886- 
5. 4657+ 
5.5432+ 
5.6211  + 
5.6994- 
5.7780- 
5.8570- 
5.9363- 
6. 0160- 
6.0960- 
6.1764- 
6. 2571 + 
6.3382+ 
6.4196+ 
6.5014  + 
6.5835+ 
6.6660- 
6.74S8+ 
6.8320- 
6.9154  + 
6.9993- 
7.0834  + 
7.1679+1 
7.2527+! 
7.3379- 
7.4234- 
7.5092+ 
7.59.'V4- 
7.6818+ 
7.7686+ 
7.8558-1 
7.9432+ 
8.0810-1 
8. 1191  - 
8.2075- 
8.2962 
8.3852+ 
8.4746+ 
S.bdiS- 
8.6543- 
8.7446- 
8.8352- 
8.9261  + 
9.0174- 
9.1089+ 


Acre-feet. 
3.68G9+ 
3.7699+ 
8.8334+ 
8.9074- 
3.9818+ 
4.0567- 
4.1321- 
4.2079- 
4.2841  + 
4.3609- 
4.4381- 
4.5157- 
4.5938- 
4.6728- 
4.7513- 
4.8307- 
4.9106+ 
4.9908- 
5.0715+ 
6. 1526+ 
6.2342+ 
5.8162+ 
5.3986+ 
6.4815- 
5.5647+ 
5.64fr4  + 
5.7326+ 
6.8170+ 
5.9019+ 
5.9873- 
6.0730+ 
6.1591  + 
6.2457- 
6.3326+ 
6.4200- 
6.5077+ 
6.5959- 
6.6844- 
6.7733+ 
6.8626+ 
6.9524- 
7.0424  + 
7.1329  + 
7.2238- 
7.3150+ 
7.4067- 
7.4987- 
7.5911- 
7.6838+ 
7.7770- 
7.8705- 
7.9643+ 
8.0586+ 
8.1532+ 
8.2482+ 
8.3436- 
8.4393- 
8.5354- 
8.6318+ 
8.7286+ 
8.8258- 
8.9233+ 
9.0212- 
9.1194+ 
9.2180 
9.3169+ 
9.4162+ 
9.5189- 
9.6150- 
9.7162+ 
9.8169- 
9.9179+ 
10.0193- 
10. 1210+ 
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THK    t;?!E   U('    WATUfi   IS   IKEIGA1105. 


/-  y.//f  >.  J   '-nffff**!  fr*rm  OiA  f'ff,  I  •  •  .'/*/  */ = J.  J  J  /J*  -  — C*«  ^nt  in  o*^  1. 


tryr 

...» 


I  ',: 
1  '•. 

!  \\ 
I.  .. 
I    > 


f  >  .7 


I  /' 
I  •/■ 

I  •■; 

I  •.( 

I  •/• 

I.T'i 
1.71 
1.7/ 
1. 7.: 
1.71 
1.7  r 
1.7*. 
1.77 
I.7'' 
I.7-J 
I.Hii 
I.*-! 
I>J 

I.KI 

l.>y. 

I.h7 

I .  y » 

I .  '.v. 
I.'i:; 
l.'.ii 

I .  >. 
1 .  '.17 
l.'.P- 
I .  yj 

'J.  (Ml 


.!"•• 

r'*/ 


/■  .  'ft  . 

*-.''^-t 

•;  /'■/- '. 

•-f.  r 

:.% 

■■•..• 

*«:.; 

*-.r 

■"".T 

»»r: 

w«r:r         Wfir.         weir. 


.1 


.1-  « 


J  - 


.1  •• 


.!••• 


-.MU 


9.7MS- 
9.M«- 

U..>|K.>- 

U.7!lo- 
U.  N.**J  - 

I.IOIU- 
1.1'.*9I- 

!.:».! - 

1..Vji:i  - 

I.'»UCS7  + 
I.W41 
-J.  (i^ilT  f 


f  — 


10.  un- 
ion 

10.  <j 

10.HC»- 

IO.M70~ 

ii.osn-K 

]1.150i^ 

ii.36ee+ 
ii.seo- 

11.4741- 
ll.'WO^- 

11.W7J- 
11.7913- 
11.901A+ 
ri.0093'K 
12.1174- 
I2.1ER7+ 
12.XM4-I- 
12.41S4- 

ri.«a7+ 

12.773- 

12.9981  ■(• 
IXIOM-I- 
n.2152+ 
13.3257-1- 
13.4:tt«- 
13.  MO? 't- 
is. IXSU- 
13. 7759+ 
13  KH90+ 
1I.0U24- 

I4.iini  - 

14.2W1- 
14.3414- 
14.4.'i4n- 
11.5739- 
I4.6H9]  - 
14.NM6> 
14.92M  + 
15.0865+ 
15. 1.VJ9+ 
15.2696+ 
15.3M66+ 
15.5010- 
15.6216- 
15.7396- 
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Table  3. — DischargeSj  in  ctibicfe^t  per  second  for  two-hour  periods^  of  recUingular  weirs  from 

3 

1  to  10  feet  hmgy  vnthoxU  end  cmttradionsj  cotnpiUed  from  the  fonnuUi  Q=S.S3  Lh^, 


u 

a 

«d  . 

^v. 

*>^    La 

1-foot 

O  C^ 

weir. 

^  c 

S.C 

o 

Q 

14-foot 
weir. 


Fret. 

0.01 
.02 
.03 
.04 
.05 
.06 
.07 
.08 
.09' 
.10 
.11 
.12 
.13 
.14 
.16 

.ii, 

.18 
.19 
.20 
.21 

.23| 
.24 
.25 
.2<i 
.27 
.2H 
.29 
.30 
.31, 
.82! 
.33 

.3<; 

.37 
.3H 
.89 

.40 

.41 

.42 

.43 

.44 

.45 

.46 

.47 

.48 

.49 

.50 

.61 

.52 

.53 

.M 

.55 

.5(> 

.57 

.5.S 

.5«) 

.60 

.61 

.62 

.6.3 

.64 

.65 

.66 

.67 

.68 

.69, 

.70 

.711 

.72' 


Ca.  /I. 
per  sec. 
0.0038+ 
.0094  + 
.0173+ 
.0266+ 
.0372+ 
.0489+ 
.0617- 
.0753+ 
.0899+ 
.1053+ 
.  1215- 
.1384  + 
.1561- 
.1744  + 
.1935- 
.2131  + 
.2334  + 
.2543+ 
.2758-- 
.2978+ 
.3205- 
.ai36+ 
.3673+ 
.  3915+ 
.41625 
.  4415- 
.  4672- 
.4934- 
.6200+ 
.M?2- 
.  6748- 
.6028- 
.6313- 
.6602- 
.6895+ 
,7193- 
.7495- 
.7800+ 
.8110+ 
.8124+ 
.8742+ 
.9064- 
.9390- 
.9719+ 
1.0052+ 
1.0389+ 
1.0730- 
1.1074  + 
1. 1422- 
1.1773- 


Cu.ft. 

per  8CC. 

0.0050- 
.0141  + 
.0260- 
.0400- 
.0558+ 
.0734  + 
.0925+ 
.1130+ 
.1349- 
.1580- 
.1822+ 
.2076+ 

.2:mi  + 

.2617- 
.2902- 
.3197- 
.3501  + 
.3815- 
.4137- 
.4468- 
.4807- 
.51M  + 
.5510- 
.5873- 
.6*244- 
.6622+ 
.7008- 
.7401- 
.7801- 
.8208- 
.8621  + 
.9042- 
.W69+ 
.9903- 
1.03^13- 
1.0789+ 
1.1242- 
1.1701- 
1.2166- 
1.2636+ 
1.3113+ 
1.3596- 
1.4084  + 
1.4579- 
1.6078+ 
1.5581- 
1.6095- 
1.6611  + 
1.7133- 
1.7660- 
1.8192+ 
1.8730+ 
1.9273- 
1.9821  + 
2.0374  + 
2.0932  + 
2, 1496- 
2.206^1- 
2.26;i7- 
2.3215- 
2.8797  + 
2.4385+ 
2.4977+ 
2.6574+ 
2.6176+ 
2. 6783- 
2.731M- 
2.8009+ 
2.8629+ 
2.9264- 
2.9883- 
3.0516+ 


2-foot 
weir. 


3-foot 
weir. 


Cu./l. 

wr  iur. 

0.0067- 

.0188+ 

.0346+ 

.0633- 

.0745- 

.0979- 

.1233+ 

.1507- 

.1798+ 

.2106+ 

.2430- 

.'2769- 

.3122- 

.3489- 

.3869+ 

.4262+ 

.4668+ 

.5086  + 

.5516- 

.5957- 

.6409+ 

.78T2+ 

.7346+ 

.7831- 

.8:J25 

.8829+ 

.9344- 

.9868- 

1.0401- 

1.0943+ 

1.1495+ 

1.2056- 

,1.2625+ 

1.3201- 

!l.3790  + 

jl.4386- 

1.4989+ 

1.6601- 

1.6221- 

;1.6849- 

1.7484  + 

1.8128- 

1.8779+ 

i.was+ 

2.01O1  + 
2.0778+ 
,2.1460- 
2.2148+ 
2.2844- 
2.35^17- 
2. 4257- 
2.4973+ 
2.6697  + 
2.G428+ 
:2.7U)6- 
|2. 7910- 
2.8661- 
i2.9ll8+ 
3.0182+ 
[3.0953- 
3. 1730- 
3.2513+ 
3.3303+ 
[3. 4099+ 
'3.4U02- 
3.5710+ 
3.  (V525- 
3.7345+ 
3.8172  + 
3.9005+ 
3.9844- 
'4.0689- 


t 


4-foot 
weir. 


5-foot 
weir. 


\nr  sec. 

J.  0100- 

'  .0283- 

.0519+ 

.0799+ 

.1117- 

.1468+ 

.ia50+ 

.2260+ 

.2697  + 

.3159+ 

.3045- 

.4163- 

.4683- 

.5*23;^ 

.5804- 

.63^4- 

.7002+ 

.7629+ 

.8274- 

.8905+ 

.9614- 

1.0309- 

1.1019+ 

1.1746- 

1.24875 

1.3244  + 

1.4016- 

1.4801  +  ' 

1.5601  +  ' 

l.6415+i 

1.7243- 

1.8084- 

1.8938+ 

1.9805+ 

2.0686- 

2.1578+ 

2.2484- 

,2.3401  +  1 

2.4331  +  ; 

2. 5273- 

'2.6227- 

2.7192- 

2.8169- 

2.9157+ 

3.0157- 

,3.1168- 

3.2189+ 

3.3222  + 

3.4266- 

3.5:J20- 

3.6385- 

3.7460+ 

3.^5-16- 

3.9W2+ 

4.0748+ 

4.1865- 

4.2991  + 

4.4127+ 

1.5273+ 

4.(>4'29+ 

1. 7595- 

1.8770+ 

1.9955- 

5.1119- 

5.2352+ 

5.3565+' 

5.4787+ 

5.6018+ 

5. 7258+ 

5. 8508— 

5. 976(>- 

6.1033- 


Cu./l. 

per  fee. 

0.0133+ 

.0377- 

.0692+ 

.1066- 

.1489+ 

.1958- 

.2467- 

.3014- 

.3696+ 

.4212+ 

.4860- 

.6537+ 

.6^13+ 

.6977+ 

.7738+ 

.8525- 

.9336+ 

1.0172+ 

1.1032- 

1.1914- 

1.2818+ 

1.3745- 

1.4693- 

1.5661  + 

1.6650 

1.7659- 

1.8687+ 

1.9735+ 

2,0802- 

2.1887- 

2.2990+ 

2.4112- 

2.5251- 

2.&407+ 

2.7581- 

2.8771  + 

2.9978+ 

3.1*202- 

3.2442- 

3.3697+ 

3.4969- 

3. 6256- 

3.7558+ 

3.8876+ 

4.0209- 

4. 1557- 

4.2919+ 

4.4296+ 

4.5688- 

4.7093+ 

4.8513+ 

4.9947- 

5. 1395- 

5.2856+ 

5.4331  + 

5.6820- 

6.7321  + 

5.8836  + 

6.0365- 

6. 1906- 

6..'M(X)- 

6.5027- 

6.660(>+ 

6. 8198+ 

6.9803+ 

7.1420+ 

7.3049+ 

7.4691- 

7. 6345- 

7.8010+ 

7.9688- 

8.1377+ 


Cn./I. 
per  see. 
0.01665 
.0471- 
.0865+ 
.1332 
.1862- 
.2447+ 
.3084-- 
.3767+ 
.44965 
.5266+ 
.6074  + 
.6921  + 
.7804+ 
.8722- 
.9673- 
1.0656 
1.1670+ 
1.2715+ 
1,3789+ 
1.4892+ 
1.6023- 
1.7181- 
1.8366- 
1.9576+ 
2.08125 
2.2074- 
2.3359+ 
2.4669- 
2.6002+ 
2.7359- 
2.8738+ 
3.0140- 
3. 1563+ 
3.3009+ 
3.4476- 
3.5901 
3.7473- 
3.9002+ 
4.0552- 
4.2122- 
4.3711- 
4.5320- 
4.6W8- 
4.8595+ 
5.0261  + 
5. 1946- 
5.3649- 
5.5370+ 
5.71095 
6.8867- 
6.0M1  + 
6. 24^4- 
6. 4243+ 
().  6070+ 
6. 7914- 
6.9774+ 
7.1652- 
7.3546+ 
7.6456- 
7.7382+ 
7.9325- 
8.1283+ 
8.3258- 
8.6248 
8.72M- 
8.9275+ 
9.1312- 
9.33r>4- 
9.5431- 
9.7513- 
9. 9610- 
10.1722- 


6-foot 
weir. 


Cu./l. 
p<'r  sec. 
0.0200- 
.0665+ 
.1038+ 
.1598+ 
.2234- 
.2936+ 
.3700+ 
.4621- 
.5395- 
.6318+ 
.7289+ 
.8306- 
.9365+ 
1.W66+ 
1.1607  + 
1.2787+ 
1.4005- 
1.5258+ 
1.6547  + 
1.7871- 
1.9228- 
2.0617+ 
2.2039- 
2.3492- 
2.4975 
2.6488+ 
2.8031  + 
2.9603- 
3.1'203- 
3.2830+ 
3.4486- 
3.6168- 
3.7876+ 
3.9611- 
4.1371  + 
4.3157- 
4.4%7+ 
4.6803- 
4.8662+ 
5.a>16- 
5.2453+ 
5.4384- 
5.6338- 
5.8314+ 
6.0313  + 
6.2335+ 
6.4379- 
6.6444+ 
6.8531  + 
7. 06-10- 
7.2770- 
7.4920+ 
7. 7092- 
7.92W+ 
8.1497- 
8.3729+ 
8.6982+ 
8.8255- 
9.0547- 
9.2859- 
9.5190- 
9.7M0+ 
9.9909+ 
10.2298- 
10.4706- 
10.7130+ 
10.9574  + 
11.2036+ 
11.4517- 
11.7015+ 
11.9532- 
12.2006- 


7-foot 
weir. 


Cu./l, 

per  sec. 

0.0233+ 

.0659+ 

.1211  + 

.1865- 

.2606+ 

.3426- 

.4317+ 

.5274+ 

.6294- 

.7371  + 

.8504+ 

.9690- 

1.0926- 

1.2211- 

1.3542- 

1.4918+ 

1.6339- 

1.7801  + 

1.9305+ 

2.0849+ 

2.2432+ 

2.4053+ 

2.5712- 

2.7407- 

2.91375 

3.0903+ 

3.2703+ 

3.4537- 

3.6403+ 

3.8302+ 

4.0233+ 

4.2196- 

4.4189- 

4.6213- 

4.8266+ 

5.0350- 

5.2462+ 

5. 4003+ 

5. 6/<3— 

5.8970+ 

6.1195+ 

6.3448- 

6.5727+ 

6.8033+ 

7.036()- 

7.2724  + 

7.5108+ 

7. 7518+ 

7.9953+ 


8-foot 
weir. 


Cfh/l. 

}ter  sec. 

0.0266+ 
.0753+ 
.1384+ 
.2131+ 
.2978+ 
.3915+ 
.4934- 
.6028- 
.7193- 
.8424  + 
.9719+ 
1074+ 


9-foot 
weir. 


10-foot 
weir. 


1.2487- 

1.3955- 

1.5476+ 

1.7060- 

1.8073- 

2.0344+ 

2.2063+ 

2.3828- 

2.5637- 

2.7490- 

2.9385+ 

3.1322+ 

3.3300 

3.5318- 

3.7375- 

3.9470+ 

4.1604- 

4.3774- 

4.5981- 

4.8224- 

5.ft502- 

5.2814+ 

5.5162- 

5. 7542+ 

5.9957- 

0.2404- 

6.4883+ 

6.7394+ 

6.9937+ 

7.2512- 

7.5117- 

7. 7752+ 

8.0418- 

8.3113+ 

8.58:J8+ 

8.8592+ 

9. 1375+ 
8.2413+  9.4187-10.5960- 
8. 4898+1  9. 7026+  10. 9155- 
8.7407+  9.98W-11.2381- 
8. 9W  1-10.2789+  11.6638- 
9.2498+10.6712+  11.8926+ 


Cm.  ft. 
per  see. 
0.0300- 
.0848- 
.1557+ 
.2398- 
.3351- 
,4405- 
.5561- 
.6781  + 
.8092- 
.9477+ 
1.0984- 
1.2458+ 
1.4048- 
1.5699+ 
1.7411- 
1.9181- 
2.1007- 
2.2887+ 
2.4821- 
2.6806- 
2.8841  + 
3.0926- 
3.3058+ 
3.5-237+ 
3.74625 
3.9733- 
4.2047- 
4.4404+ 
4.6804+ 
4.9240- 
5.1728+ 
5.4251  + 
6.6814+ 
6.9416+ 
6.2057- 
6.4735+ 
6.7451  + 
7.0204+ 
7.2993+ 
7.5819- 
7.8680- 
8.1570- 
8.4506+ 
8.7471  + 
9.0470+ 
9.3503- 
9.6568+ 
9.9666+ 
10.2797+ 


9. 5079+  10. 8602+  12. 2245- 
9.7684+  11.1639+12.5504- 
10.0312+  11.4643-  12.8973+ 
10.2964-  11.7673-  13.2382- 
10.5638+12.0729+13.5820+ 
10.8335+  12.3812-|13.9288- 
11.1055-  12.6920-14.2785- 
11.3797-  13.0053+14.0310+ 
11.6561-  13.3213-14.9804+ 
11.9847+  13.6397-  15.W46+ 
12.2155+  13.9606+  15.7057- 
12.4985+  14.2840+  16.0695+ 
12.7836+  14.6099-  16.4361  + 
13.0709+  14.9382-  16.8054+ 
13.3603-  16.2689+  17.1775+ 
13.6518-  16.6020+  17.6523- 
13.9454-  15.9376-17.9298- 


Ca./I. 

per  sec. 

0.0333 

.0942- 

.1730+ 

.2604 

.3723+ 

.4894+ 

.6167+ 

.7535- 

.8991 

1.O530+ 

1.2149- 

1.3843- 

1.5608+ 

1.7444- 

1.9346- 

2. 1312 

2.3341- 

2.M30+ 

2.7579- 

2.97W+ 

3.2046- 

3.4362- 

3.6731+ 

3.9153- 

4. 1625 

4.4147+ 

4.6719- 

4.9338- 

5.2006- 

5.4717+ 

5.7476+ 

6.0279+ 

6.31-27- 

6.6018+ 

6.8952- 

7.1928 

7.4946- 

7.8001+ 

8. 1104- 

8.4243+ 

8.7422- 

9.0640- 

9.3896- 

9.7190+ 

10.0522+ 

10.3892- 

10.7298- 

11.0740+ 

11.4219 

11.7733+ 

12.1283- 

12.4867+ 

12.8487- 

13.2140+ 

13.5828- 

13.9M9- 

114.8303+ 

14.7091  + 

15.0911  + 

16.4764+ 

16.8650- 

16.2567- 

16.6516- 

17.0196 

17.4508- 

17.8550+ 

18.2623+ 

18.6727+ 

19.0861+ 

19.6025+ 

19.9219+ 
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THE    USE   OF   WAIER   IN   IRRIOATION. 
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Table  3. — DischargeSf  in  cubic  feet  ]>er  second  for  tw(j-hotir  periods^  of  rectangiUar  weirs 

3 

from  1  to  10  feet  long,  without  end  coniractionSj  computed  front  the  formula  Q=S.S,3  Lh — 
Continued. 
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•mputed  from  the  fiirmuhi  0=3.9.1  Ut^—CoaV A. 


(■/) 


THK    r>f.   or   WATEK   15   TBBIGATIOS. 


t  •  <:.r.    »     -f/'jt^f^/.rr-j'jf.  I.-.  ■ij''"''^'.Z  f-i'  '.'fr-K-fiLr  i^.r'j^Lf,  'tf  r^rVlh'pthir  frtrin/Wi 


.'-'; 


ir-ffil  ':.'f.  "/fjr'it-t' v'-u* .  '■  o.-A/^'i/i^ •/ ^T'ir»- -A  *>■  *  /• . rm. *iir\  i^  =-?..j^  £A " 


I  to  lO 


>. 


tf 


/».. 


•  c 


•:■  •  -C 


•-.'•;•/< 


'  ?■  J-' 


I  '. : 

I    * 
'p. 


.  #* 
/» 

*.i 
•■-• 
•-J 

M 

•/* 
«^ 
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.'.I  I 
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.1"' 


,1^, 
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.1-"- 
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.f.—r. 

.  ii'.i- 
. '»?» - 


wtit. 


Arrw/vt. 

».*579-r 
9.5SM-> 

9.cae»* 

1V.0C»> 
10.11>- 
lO.-Ttt- 

10.3W-»- 
lu.  4<.c». 
lu.  ixrj  > 
IV.  VM^, 

lU.iMWT- 

lo.yhui  - 

ll.OCTI- 
11.1711 
H.'-T-JD- 
I1.3t»9- 

ii.rificri- 

ILGtWic*- 
Il.TWJ- 

]l.}4|»4i- 

]|.U»'i3U+ 


lO-ldoC 
wtrir. 


10L2U0-*- 
lailOSH- 

ia6tn5+ 

10.724.~9- 

10.8S7S- 

]a9814- 

11.0853-4- 

11.1396- 

1I.2M2- 

1I.3«9I- 

]l.r>43^ 

ii.sy^j-f- 

ll.tir^ytv 

ii.TTa)+ 

]1.1K>4  + 

ij.cnwi- 
li'joui- 

liWTV- 
12. 4100- 
12.&JI4-I- 

12.6XS::- 

12.7K2+ 
12.KMC+ 
12.9613+ 
13.071S+ 
13. 1816+ 
13.2%22+ 
I3.40C1  + 
13.5144- 
l.X6j:,9+ 
13.7377  + 
13.M<J9- 
]3.9G;!3+ 
M.07."»l- 
H.1HK1  + 
14.9015- 
H.4iri2- 
14..'SS»1  + 
14. 6434- 
14.7579+ 
14.8728- 
14.9K79- 
15.1083+ 
15.2191- 
15.3351  + 
15.4514+ 
15.50)0+ 
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Table  6. — Discharges^  in  cubic  feet  per  second  for  two-hour  periods,  of  rectangular  weirs 
from  1  to  10  feet  long,  with  two  end  contractions,  cornpuiea  from  the  formula  Q^S.SS 


C  o 

a® 
a; 


1-foot 
weir. 


U-foot 
weir. 


Ftet. 

0.01 
.02 
.03 
.04 
.05 
.06 
.07 
.OfS 
.09 
.10 
.11 
.12 
.13 
.14 
.15 
.16 
.17 
.18 
.19 
.20 
.21 
.22 
.X\ 
.21 
.2) 
.26 
.27 
.2H 
.•29 
.30 
.31 
.32 
.'X\ 
.31 
.3.") 
.36 
.37 
.3S 
.39 
.40 
.41 
.42 
.43 
.44 
.45 
.46 
.47, 
.48 
.49 
..W 
.51 
.  52  . 
.63. 
.54  . 
.55. 
.56 
.  57  . 
.58. 
.  59  . 
.60. 
.61  . 
.62. 
.63. 
.64  . 
.65. 
.66. 
.67. 
.68. 
.69. 
.70. 
.71.. 
.72i. 


Cn.Jt. 
prr^c. 
0.0033-H 
.0094- 
.0172- 
.0264+ 
.0869- 
.0484- 
.0608+ 
.0741  + 
.0883- 
.1032- 
.1188  + 
. 1351 + 
.1520+ 
.1696- 
.1877- 
.2063+ 
.  2255  - 
.2451  + 
.2653  + 
.2859+ 
.3070  + 
.3285  + 

.aT(n+ 

..37-27+ 
.  3954  + 
.4185+ 
.4420— 
.4658- 
.4899- 
.5143  + 
.  5391  + 
.5612+ 
.5896  + 
.6153- 
.&413- 
.667.">- 
.6W0- 
.  7208— 
.7478- 
.7750  + 
.8025+ 
.8303- 
.8582+ 
.88W- 
.9148- 
.W3;i  + 
I  .9721  f 
1.0011- 
1.0303- 
1.0596- 


Cu./f. 

prrfec. 

0.0050- 

.0141- 

.0259- 

.0897+ 

.0555- 

.0728+ 

.0916+ 

,  .1118  + 

!  .1332  + 

.1558+ 

.1796- 

.2043  + 

.2301- 

.2568- 

.2844- 

.8129- 

.3422- 

.3723+ 

.4032  + 

.4349  - 

.4672  + 

.5003  + 

.5341- 

.5685- 

.6036- 

.0393- 

.6756- 

.7124  + 

.7199+ 

.7879  + 

.■8265+ 

.8656+ 

.9052  + 

.9454- 

.9860  + 

1.0271  + 

1.0687  + 

1.1108  - 

1. 1533  - 

1.1963- 


2-foot 
weir. 


,2:W6+ 
,2835- 
.3277- 
,3723  + 
,4174  - 
,4628- 


1.508«>+ 
1 


. 5548  - 
.fiOH- 
.6483- 
.  6955+ 
.7431  + 
1.7911  + 
1.8394- 
1.8SX0  + 
1.9369+ 
2  9862- 
2.0357  + 
2.085«»- 
2.1357  + 
2. 1862  - 
2.2369  + 
2.2879  + 
2.:«92+ 
2. 3908  - 
2.  +426- 
2.4946  + 
2.M70- 
2.5995+ 
2.<V5-23+ 
2. 70r>l  + 
2.7587- 


!2, 


Caft.. 
pn  $€C, 
U.0067- 
0188- 
0845+ 
0531- 
0741- 
0973- 
1225  - 
1495- 
1782  + 
'2085+ 
2403+ 
2735+ 
3081  + 
3440- 
3811  + 
41»4  + 
4.589- 
4995- 
Mll- 
.58:J8- 
6275- 
6721  + 
7177  + 
7643- 
8117- 
8600- 
9091  + 
9591  + 
0099  + 
0615+ 
1139- 
1670  + 
•2209- 
2755- 
3308- 
3868- 
44.35- 
5008+ 
5588  + 
6175- 
6768- 
7367- 
7972- 
8583- 
9200- 
9828- 
2.0451- 
1085- 
1724  + 
2369+ 
301  f- 
.3675- 
2.4335+ 
|2.5001- 
5671  + 
2.6347- 
7027+ 
7712- 
8402- 
9096- 
9794  + 
.3.0198- 
3. 12tt5+ 
'3.1917- 
3.2»'>33- 
3.:«i5:i+ 

!3. 4078  - 
3.4806- 
■.3..55:i8+ 
3.6275- 
|3.7015- 
13. 7759+ 


3-foot 
weir. 


4-foot 
weir. 


Cu.fl. 
per  gee. 
0.0100- 
.0282+ 
.0518+ 
.0797+ 
.1113+ 
.  1462+ 
.1842- 
.2248+ 
.2681  + 
.8138+ 
.3618- 
.41-20- 
i  .4M2- 
.5184  + 
.5746- 
.6825+ 
.6923- 
.7538- 
:  .8169-' 
:  .8816+ 
,  .1M79+ 
!l.0157+  = 
1.0860+ 
1.1558-1 
1.2279+! 
|1.:»15- 
1.3763+ 
1.4525+1 
1.5300- 
1.6087- 
1.6886+; 
'1.7698+! 
1.8521  + 
;1.9356+ 
2.0203-! 
2.1061- 
2. 1929+ 
2.2809- 
!2.3699- 
2.4599- 
2..V)10- 
'2.W31- 
2.7361  + 
2.8302- 
|2.9252+ 
3.0212- 
3.1181- 
;3.2159+ 
'3.3146+ 
3.4143- 
3. 5148- i 
3. 6162  - 
3.7184+ 
3.8215-; 
3.92.54  + 
4.0302- 
ia">7+ 
2421+1 
349:?- 
4.572+ 
5«*>.'i9+ 
4.6754  + 
4.7857- 
4.89»*i6+, 
5.0081- 
h.  1208  + 
'5.2:«0- 
5.3479- 
5.4625- 
5.5777  + 
!5.69:^- 
:5.8103+ 


5-foot 
weir. 


6-foot 
weir. 


Cu.Jl. 
per  see. 
0.0133+ 
.0376+ 
.0691  + 
.1063+ 
.1485+ 
.  1952- 
.2458  4 
.3002- 
.8580f 
.4191  + 
.4833- 
.5501- 
.6203- 
.6929- 
.7680+ 
.8467- 
.9267+ 
1.0081- 
1.0927- 
1.1795- 
1.2681- 
1.3594- 
1.4624-! 
1.5473+ 
1.6442- 
1. 74*29+ , 
1.8436+! 
1.M59-, 
2.0500+ 
2. 1559- ! 
2.2634  + 
2.3726- 
2.4831  +  : 
2.5958+! 
2.7098  +  ; 
2.8253  + 
2.W24- 
3.0609- 
3.1809- 
3.3023+ 
3. 4"252  - 
3..V1W  + 
3.6751- 
3.8021  - 
3.9:J04  + 

4.0601  - 
4.1911  - 
4.3-233+ 
4.4.5C>8  + 
4.5916- 
4.7-276  + 
4.8(^8  + 

5.oo;w- 

5.1129- 
5. -2837- 
5.4*2.57- 
5. 5688  - 
5.7130+ 
5.8584— 
6.0049- 
6.1524  + 
6.3011- 
6. 4X)8+ 
6.6016  + 
6.75:M  + 
6.9063  + 

7.0602  + 
7.2151  + 
7.3711- 
7..52><0- 
7.6859- 
7.8448- 


Cu./l. 
pmec. 
0.0166+ 
.0471- 
.0664  + 
.1330- 
.1858- 
.2441  + 
.3075- 
.3755+ 
.4479  + 
.  5*244  + 
.6048- 
.6888+ 
.7764- 
.8673- 
.9615- 
1.0588- 
1.1591  + 
1.2624- 
1.36H5- 
1.4773+ 
1.6888+ 
1.7030- 
1.8197- 
1.9388  + 
2.0604  + 
2. 1814+ 
2.3107+ 
2.4393- 
2.5701- 
2.7030  + 
2.8382- 
2.97.54- 
3.1147- 
3. 2560+ 
3.3993  + 
3.5446+ 
3.6918+ 
3.8109  + 
3.9919  + 
4.1418- 
4.2994  + 
4.4.558+ 
4.6140+ 
4.7740- 
4.93.57- 
.5.0990+ 
.5.2W0  + 
5.4307  + 
.5.  ,5990 -f- 
5.76m,-r 
5.9404  + 
6.1135+ 
6.2881  + 
6. 4643- 
6. 64-20- 
6.8211  + 
7.0018+ 
7.1839+ 
7. 3675- 
7.6525+ 
7.73X9+ 
7. 92ti8- 
8.1160- 
8.3066- 
8. 4985+ 
8.6918+ 
8.8865- 
9.0824  + 
9.2797-- 
9.4782  + 
9.6781- 


Ou./t. 

pcri*ec. 

0.0200- 

.05«-)5- 

.1037+ 

.1596+ 

.2230+ 

.2931- 

.3692- 

.4509- 

.5378+ 

.6207  + 

.7263- 

.8272  + 

.9324  + 

1.0417  + 

1.1549+ 

1.2719+ 

1.8925+ 

1.5167- 

1.6442+ 

1.7752- 

1.9093- 

2.0466- 


7-foot 
weir. 


8-foot 
weir. 


Cm.//. 

perscc. 

0.02:«+ 

.0669- 

.1210+ 

.  18IW- 

.2602+ 

.3420- 

.4308+ 

.5262  + 

.6278- 

.7350+ 

.8477  + 

.9657- 

1.0885  + 

1.-2162- 

1.3484- 

1.48.50+ 

1.6259+ 

1.7710- 

1.9200+ 

2.0730- 

2.2298- 

2.3902+ 


g 


2.1870-'  2.5.S43- 
2.3304-    2.7219- 
2.4767-    2.8929+ 
2.6259-    3.0674- 
2.7779-    3. -2451 - 


2.9326  +  ] 
3.0901  +  1 
3. -2502+, 
3.41*29+ 
3.  .5782 - 
,3.7460- 
3.9162- 
4.0888+ 
4.2639- 
4.4413- 
4.6-210- 
4.8030- 
4.9872- 
.5.1736  + 
5.36-22  + 
5.  .55:10 -f 
5.74.59  - 
5.9409- 
6.1:^79  + 
6.3:J70  + 
6.,5:t81  + 
6.7412  + 
6.9463- 
7. 1'iXi  - 
7.36*22- 
7.  .5730+ 
7. 7857 -i 
8.0003- 


3.4-2(iO  + 
3.6102- 
3.7974- 
3.9877- 
4.1810- 
4.3772+ 
4..57W- 
4. 7784  - 
4.9832- 
5.1907  + 
5.4010+ 
5.6140+ 
5. 8-296+ 
6.0478+ 
6. '2686  + 
6.49*20- 
6.7178- 
6. 9461  + 
7.176H  + 
7.4100- 
7.61.'>5  + 
7.8834- 
8.1236- 
8.3661- 
8.6109- 
8.8579- 
9.1071  + 
9.3585+ 


4. 
4. 
4. 


8. 21 66+,  9.61*21  + 

8.4348+!  9.8679- 

8.6548+10.1257  + 

'  8.8766+110.3857+ 

9.1001+10.6478- 

9.3254+10.9119+ 

9.  .5.5*24+  11.1781- 

9. 7811  + ;il.  4463- 

10.0115+11.71»i5- 

10.2436-11.9887- 

10. 4773+ 11*2. 2«J28+ 

10. 7127-11-2.  .5389+ 

10.9497-12.8170- 

11.1883- 13.  ()96'J+ 


11.4285- 
11.6703- 


13.3787+ 
13.6625- 


iii.b/u5-  i^.w)z.')— 
\\\.^v«3VA"i.^^KV- 


i>er  «c. 

02f<i+ 

.0753+ 

.138;i+ 

.21*29+ 

.2976- 

.3909  + 

.4925+ 

.6016- 

.7177- 

.8403+ 

.9092+ 

1.1041- 

1.2446+ 

1.8906+ 

1.5418+ 

1.6981  + 

1.8598+ 

2.025;}- 

2. 1958+ 

2.3708  + 

2.5502+ 

2.7338+ 

2.9*216+ 

:J.1134  + 

3.3092- 

3.6088+ 

3.7123- 

:i.9194  + 

1302  + 

3446- 

5624  + 

4.7838- 

5.0085- 

5. 2:166- 

5. 4679- 

.5.70*25- 

5.9402- 

6.1811- 

6.4250+ 

6.6721- 

6.9*221- 

7.17.50+ 

7.4309+ 

7.6897  + 

7.9513+ 

8. 2158  - 

8.4880- 

8.75-29+ 

9.0256- 

9.3009  + 

9.5789+ 

9.8595+ 

10.1427  + 

10. 4285+ 

10.7168+ 

11.0076+ 

11.3009  + 

11.5967- 

11.8948+ 

12.1954  + 

12.4984  + 

12.8038- 

13.1114  + 

13.4214+ 

1.3.7337+ 

14.0488+ 

14.3652- 

14.(»42+ 

1.5.0055+ 

16.3290+ 


10-foot 
weir. 


Cu./t. 

jter  sec. 

0.0300- 

.0847  + 

.1566+ 

.•2395+ 

.3^47+ 

.4399- 

.5'>42- 

.6769  + 

.8076- 

.9466  + 

1.0907  + 

1.24*25+ 

1.4007  + 

1.5650+ 

1.7:j.53- 

1.9113- 

'2.09*27  + 

2.2796-' 

•2.4716+ 

2.6687- 

2.8707- 

:i.0775- 

3.2889  + 


Cu.Jl. 

pfmrr. 

0. 033:i- 

.0W1  + 

.1729+ 

.2662- 

.8719+ 

.4888+ 

.61,59- 

.7528- 

.7975- 

1.0509+ 

1.2122+ 

1.3809+ 

1.5568- 

1.7395- 

1.9288- 

1244- 

3262- 

.5339- 

7474- 

9665+ 

1911  + 

3.4*211- 

3.6562+ 


3.5049+1  3.8965- 
3.7254+   4.1417- 


3.9503+ 
4.17W+ 
4.4128- 
4.6502  + 
4.8917  + 
6. 1372+ 
5.3866- 
6.6398- 
5. 8%7  + 
6.1574  + 
6.4217+ 
6.6897- 
6.9611  + 
7.2361- 
7.5145- 
7.7963- 
8.0814  + 
8.3699- 
8.6616+ 
8.9565  + 
9.2547- 
9.5559+ 
9.8603+ 
10. 1678 


4.3918- 
4.6466+ 
4.9062- 
5. 1703- 
.5.4389+ 
5.7120- 
5.9894- 
6.2710+ 
6.6569+ 
6.8469+ 
7. 1410+ 
7.4391  + 
7. 7412- 
8.4471  + 
8.3569+ 
8. 6705  - 
8.9878+ 
9.3088+ 
9.6336+ 
9.9618- 
10.2986- 
10.6289+ 
10.9677+ 
11.3100- 


10.4783-11.6556- 
10.7918-  12.0016- 
11.1082+12.3569- 
11.4276+12.7125- 
11.7499+;13.0718+ 
12. 0751- !  13. 4384- 


12. 4031  + 
12.7339+ 
13.0676- 
13.4010- 


113.7986- 
14. 1670- 
14.6385- 
14.9181- 


13.7431-116.2907+ 
14.0849+1.5.6714+ 


14.4294  + 
14. 7766- 
15.1264  + 
15.4788+ 
15.8338+ 
16.1914- 
16.6615- 
16.9141  + 
17.2798 


16.0561- 

16.4418- 

16.8314- 

17.2239- 

17.6198+ 

18.0176+ 

18.4188- 

18.8227+ 

19.2295+ 
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'  s.  !.."»:».'>- 
.s.si.so-. 
H.  ilKU  I 
«».  I  I'lS  - 

•.).:{  1 70  i 

•.».  l.s.'.l  \ 

•.».<■..'>  II  1 

,  M  HJ 10  I 

m.-'iijo. 

lO.Usiil  i 

lo.N.m . 

ll.JKlllH 

ii.-ji;k{  . 

Il.:t'.i07 

1 1 .  .'KiKs  1 

11.7177  1 
11. 'r/?:. 
12. loso 
12.  ■JX'.i'J  ' 
12.  1712* 
'I2.»V.710 


(Wfoot 
weir. 


t'H.ft. 

ftt  r  M*T. 
lo.u.M(i 
IO.-2Hri2 
1(1. 4*JI1 
lU.fKHil  t 
lO.'JCil  • 
II. unt- 
il. :«l<i' 
ll...:t2.'i- 
ll.7iir> 
ll.««.»7**  • 
12. 17-22 
l2.:i.H77 

12.  mv.\  • 

12.^'221  \ 

i:;.ono 
i:t.  21.10 
I a.  1x21 

i:i.7«U2  = 

i:t.'r27.'i 

ILIM**. 

ll.:J772< 

It.tUt'J 

II. Mil  i 

1;'..(».V,»7 

.l.'>.2S'.r2  ♦ 

1 .'».:» I  «.«Si 

.|.'..7:>ll  { 

IV'.iMO 


It 

1:1 


It; 

17 
IS 

III 


2«» 
21 

21 

2.'> 


'  rii.ji. 

i  12.  I. •»«;'> 4 
I2.4<l'i0 
IJ.rAM)-- 

I2.y(rj|- 
i:(.  \\^  4 
i:{.iu'ii»  + 

i:i.ni.'»:t  - 
1 1. 17-22 

It.  i.'UlTi 

ii.«;no2  I 

It. «».'.!  1 
1. '..21:^.1. 
I. \  17711 
I.i.7l:r2  . 
id.iNtini ' 

1«  1.27.^1  J 
I(i..'»l7i  I 
lf..s|M2  \ 

17.0'.:0{  I 

17.  :»!.:;'< 

17.ii:;h.'> 

'I7.yiri  ■ 

i.H.  imu  ■ 

IS.  I7UM 
ls.7.'ilM  *■ 

in.(tnr, .- 
li>.:Mii» 
1H.V.I77 
1H..H.S2I; 

■JO.  Ius7  . 
■20.  i:w,i 
■JO.  7 1 17 

2i.<i:{ir> 

21.;J2;V> 

2i.«;i7ti ' 
2i.ini(» 

•A'.2<».Vi  : 

•j-2..'iin2  • 

1-22.  7l»M 
■j:i.»HM;i  . 
2;;.  '.^X<\ 
2:t.  •■.•».'>«; 
■j:;.  1H.I70 

2I.2H1«.">  ! 

2i.rio:;2 

2l.l«07l>  I 
2.\2i:is  I 


7-flK)t 

wolr. 


K*f<Mlt 

wclr. 


•2t> 


.1 

•Jl» 


ru.fl. 

lit  f  me. 

■|i.2:;v»  • 

ll.ryjIM- 

N.sirw  - 
i:».44»if 

la.iWHl  - 
ni.2«JM)f 

ir...v.n»7  I 

Ki.lXKU  I 
l7.2(»s-2  I 
17.  .'»l'iO  \ 

I7.x2:iri » 

IH.  VXX!  - 

1S..M.V)- 

Is.7:tHy- 

.1U.07IO  - 

lii».:ttio7 

I1».7(M»  f 

2«).  «»2ss  \ 

•20.:t."ilKJ 

•20.  \\TX\  r 

;-2().  WTtM  \ 

21.:K41- 

ji.r-MK- 

21.«.»<10-t- 

•22.:niK- 
-22.  (;-t  10 

'22. 1>777  »- 
•2:?.:u:«)- 
•2:;.j»iu7 
•2:{.i>s7y  - 
2i.:i27:»f 

21.«Wl»^»  I- 
2^"..  0112 

J...  :i.Vj1  J 

•2.'>.  70«fc"»  ■' 

•2i;.oi7:i « 
■2«;.  :tn.V)  I 
-jii.7ir.i  f 
■J7.(nrii  ♦ 

-27.  I  IK"> 
■;27.  H(n22  I 
Ijs.  1.^7:^ } 

2.N..s71<". 
ill.  2:«)7  . 
•Jl»..V,H2  - 
21I.  liVU)  ■ 
:to.:Mr>i  . 
;;o.  •'►N^)  - 
.:;i.oiik; 
M.  \vx\ 
i:;i.7slti 


10-foot 
weir. 


Vv.Jl.       Ch,JI.       Cu.Jf, 

pr.r  Hcr.     per  atr.     per  Jirr. 

Hi.»r/5-  1K.3NM+  ■iO.«»4~ 

It;.  M  tfi  -  IK.  7M3+  20.  MMl  + 

U;.  V7MK-  1».  1417-  21.»M5+ 

17.  :n:i(i+  n.  h2n+  21.  TrK+ 

17.  iVm  +  19.  Vm  -  21».  158 1  - 

17.  WCW-r  aO.  2K7M-  22.  S«1H— 
IH.  XttSi  f  20.  t;745+  23. 0127+ 
IK.  <iW»*-  21. 0I»'>+  23. 44f»- 
111. 027:t  -  21 .  ir>l9-  23.  KH24  + 
1 1».  :t7.iK -  21 . »!«.'» -  24.  :J21  1  + 
III.  ?2««-  22. 24»;{+  24. 7tJ2:j  f 
•2t».  tl7H7  +  '22.  tM24  -  2.V  aOfil  - 
'21  •.  4:«1  I  '£\.  0427  --  2ft.  VtrtSi- 
•2<».  7K1H  f  2:j.  I4.V2  f  2ri.  1010- 
2 1 . 1 177  -  Z\.  MW  I-  2fi.  .ViC22- 
21 .  :i(>7l»  -  21. 2.V1K  +  27.  OOrM- 
21 .  HiW  •  2 1.  l*i«W9  -  27.  -IGIK  + 
■22. 2:CW  -  'J>\  0771  -  27. 9208- 
•22.  TilW  -  '2.'..  4lfc  »4   ■  2h.  »M1|  4- 

'S2.  m;7:M-  '2.'».  ua**  +-  2h.  K4iH+ 
2:i.:ww+  2«;.:e»  -  2tf..10»+ 
2:t.  7(iH2  -  2«;.  7 1:10  T  ai.  7779  - 

21.  OKI n+  '27. 1(117  f  :M.24H1  + 
2 1. 4ri<«  f  '27.  .TSKr>+  :».  7207  + 
24.  K«I  -  •  2K.  01434-  31.  \9S»+ 
•2.'».  2110  f  >.  I4'224  31. 6WK+ 
•2.'..  ri01l»  4  -JS.  K721  4-  32. 1A23- 
•2.\  <i7 10  '2*J.  :«»I0  32.  <i»40 
•2t  J.  3.'.7K  +-  IV.  737i»  -  33. 1 1  HO  - 
•2ii.  7i:H-  M.  17:JS  -  3:).('iOI2- 
•27.  i:*»7-  :W.i;ilC.  k-  31.0920^ 
•27.  ol'i?"  Ill .  a'>lft  31.  .Vtti  4- 
•27.1U01--  31.49324-  35.0761  - 
'^.-Mrjn-  :n.WJ<»4-  35..-»711  - 
•2S.  iliHW-  32. 3K2fi-  3fi.  06«»  - 
•2y.  oirjt;  \  :j2.  km  -  36.  fi67«- 
'21».  41*10  t  :«.  27»r»4-  37. 0091  - 
•211.  xsy  I  »  :a.  7:109  -  37. 5727  - 
:«l.  ^WW  i  M,  IKll  4-  3K.07H4  + 


f» 


:'iO 
:tl 


l.Ml 

J2.  .V2-20 

vj.y.Ml 


It'. 


:^1.-2<;7I  - 

;i.oi7i»- 
;  '.i.iv.CiO 
.;i.77:« 


:n .  INIW)  4  M.  0\hCt  -  40. 1223- 
:r2.  :<177-  :J0. 47M  -  40. 63M4+ 
:i2. 7'2K1  -  :iii.  91'234-  41 .  IS664- 
:•»:;.  1100+  37.40K44-,41.fi7fl9- 
:«.  .Vrt')  i-  :^.  K7634-  42. 1991  + 
:i'j.  «r,s«;  f  :»*.  3160 4-  ,42.  T23I4- 
.Vi.  :w.V2  J  W.  H17.>- '43. 2497  4- 
'M.f*m  \  ;W.2907-,43.77MO- 
.-H).  ^•2:JI  \  :W.  76r>7-  14. 30H3  - 
•.l\  <;  I  i:t  T  ,  to.  2424  4-  44.  H4054- 
:«;.  o«;71  -  10. 7209  ~  i4.V  3747  4- 
•.U\.  llM;t  4  41.2011 4-  i'f.  9109- 
•.Wk  1)171  tl.  CiKiO  f  46. 4490  - 
•M.  -M  \:\  I  12.  \i'4M-~  \m\.  9R90  4- 
M.  77:*)  4  12.  Iir»20-F !  17,  JVIIO- 
:'.N.-20:{2  I  13. 1391- 
:«.(i:Hl)|  l3.«Ki7H- 
:Jl).()fM)4  14. 11H2" 
:v.i.:*ry,^  44.6H«- 


:w.i«:nJ|  4.'>.lOtt)-F 
.1.  i.vj^  <  io.:{7iii-f  I5.ri9yi-f 


,:v; 


•  X 


.  1 ' 


-  ■  1. 1  ^ 
■>.(.>->  • 

1»I.V>  ! 
■J'»s7 


tH.0749- 
4H.6UD7- 
49.16H1- 
19. 7179+ 
ri0.2fS9t- 
■>0.H227- 


:ji» 


.10 ;7.  (m;s.» 

.11 


12, 

7.r 


to.sl.-rfl-  16.0961  -  "11.8779- 

I1.'2.V»:J4-  |6..'V9ril  +  .-i1.9CM9+ 

:;••..  -Jlis?      1 1 .  tWilU  i  47.  OlWVI  +  'tl.  4938— 

w<.  r.v,o  I  ;  |'2. 1  Hr2     I7.  .VJTIM  W.0M5— 

j  12.  :^I7      IK.  1009  -  ft8. 6170+ 

I IX  o:toi-.  >-  ts.duro-  .'>4. 1813+ 

1:1.  1771)  i  41».  11'27J  r>|.7475~ 

i^.trjCrf..   19.<i2104-ni>.in54+ 

.  W  .TiCt  -  H\ .  VJM +LV.  8888^ 
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Table  5. — Discharges,  in  cubic  feel  per  second  for  two-hour  periods,  of  redanaular  weirs 
from  1  to  10  feel  long,  mth  two  end  contractions,  computea  from  the  formula  Q=3,SS 

(L. -.SH)  /i*— Continued. 


Depth  of  water 
on  crest. 

l-foot 
weir. 

14-foot 
weir. 

2-foot 
weir. 

3-foot 
weir. 

Cu.Jl. 
per  tec. 

4-foot 
weir. 

5-foot 
weir. 

6-foot 
weir. 

7-foot 
weir. 

8-foot 
weir. 

9-foot 
weir. 

10-foot 
weir. 

Feet. 
1.46 

Cn.fl.     Cu.ft. 
per  nee. ,  per  nee. 

Cuft- 
per  see. 



Cu.ft. 
per  see. 

Cu.ft. 
per  tec. 

Cu.ft. 
per  tec. 

Cu.ft. 
per  sec. 

Cu.ft. 
per  tec. 
45.2809-1- 
45.7351- 
46.1905-f 
46.6474- 
47. 1066-f 
47.6650-H 
48.0258+ 
48.4879+ 
48.9513+ 
49.4161- 
49.8821- 
60.3494- 
60.8180- 
51.2878+ 
61.7569+ 

Cu.ft. 

per  tec. 
51.1666- 
51.6701- 

Cu.ft, 

per  tec. 

67.0800- 

1.47 

i               >                1 

67.6060+ 

1.48 

1 

1 

62.1862+ 

58. 1819- 

1.49 

:                  1 

1 

62.7089-58.7604+ 

l.fiO 

j 

...j 

53.2231+69.8407+ 

l.ftl 

i                  ' 

63.7439-69.9228- 

1.52 

i 

64.2662-160.6065+ 

1.53 

1 

54.7900-61.0920+ 
66.3153-61.6792- 

1.54 

!... 

1 

1.55 

55.8421  -'62.2681- 

1.56 

1 

56. 8704-162. 8587— 

1.57 

1 

56.9002-63.4510- 

1.58 

1               1 

57. 4314 +64. 0449+ 

1.59 

:                1 

67.9642-64.6405+ 

1.60 

1 

68.4984-65.23784- 

1.61 

i 

59.0841- 
69.5712- 
60.1098- 
60.6498- 
61.1912+ 
61.7341+ 
62.2784+ 
62.8241+ 
63.8718- 

65.8368— 

1.62 

r 



......... 

66.4874- 

1.63 

67.0896+ 

1.64 

... 

67.6435+ 

1  65 

1 

68.2491- 

1.66 

:::::::  j:;"::::  ;!:::;::  :::::::::i.:::;:::: 

1 

68.8562— 

1.67 

•       1       1        '        .   .     ■ 

69.4650- 

1.68 

'                 ,                 !                   1                   i                   : 

70.0768+ 

1.69 

1 
•...••.•  ........ 

i:.. .:...; j :::: 

70.6893— 

1  70 

1 1 

68.9196+71.3009- 

1  71 

1              i              :                ' 

64.4097+71.9160+ 

1.72 
1.73 
1.74 
1.75 
1.76 
1.77 
1.78 
1  79 

66.0211—72.5328- 

65.5738— ,73. 1611— 

1                          ! 

66.1279- 

73.7710- 

1 

J 

66.6834- 
67.2402- 
67.7984- 
68.3679+ 

74.3924+ 

1 

75.0154  + 

75.6400- 

76. 2661  - 

'.             '              i                i 

68.9189- 

76.8937-I- 

1.80 

i                    '     i     ' 

69.4811+ 77. 622»-^ 

1.81 

1 1 i 

78. 1686+ 

1.82 
1.83 
1.84 
1.85 

1 

1                  1 

78.7858+ 

.  1 

1 

79.4196- 

80.0618+ 

1 

80. 6916  - 

1.86 

81.8298+ 

1.87 
1.88 
1.89 
1.90 
1.91 
1.92 
1.93 
1.94 
1.95 
1.96 
1.97 
1.96 
1.99 
2.00 

1 

81.9695+ 

82.6108— 

! 

83.2536- 

::::::::::':::;:::::::::;::::::: 

83.8976+ 

••-., .---.•••• 

84.6433- 

1 

85.1904— 

i 

86.8889+ 

; 

1 

86.4889+ 

1 

i 

87.1404- 

1 

, 

1 

87.7983- 

•                 ! 

1 

88.4476+ 

! !               :           :     :  ; 

89.1034- 

1 

89.7606- 

1 

90.4192- 

• 

» 

1 

3808— No.  86- 


H4 
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T^HI.K  *f-  —  f  florin  If  ^ftji.   f/i  *H'rf  'j'ftt  Jfff  t,n,-fin»i.     ft,  ri',^h,  .if    r*iiintfjuf*tr  H'^ir^  ffftH   I  h»  10 
Jr*i  f'nuj.  iriffi  hit,  4  Oil  tttitlnit'tunn',  it,inf,ul,il  :•■',,„  th.    hn'iifthi  '^=.,'..A>  « /,  —  .jll)  ll^» 


IW-|,lh 

f 

(III 

u«ir. 

It-flK*! 

wi-ir. 

1  l<«>t 
w»-ir. 

wi-jr. 

7-f'-.t 

uiir. 

'>fiMrt 
weir. 

■     lO-filUt 

wfir. 

IT*-*! 

A*  n 

-1'*"/ 

.j.r. 

.I/"/' 

A-r> 

-I'"- 

.1..'. 

.1'.' 

•l-.'- 

1 

Arrt- 

■i   " 

h*l 

l"l. 

Oif 

>./ 

^'''. 

h't 

i,,f 

f.ff 

i"f 

h't. 

f**i. 

'  Atrt'hfi. 

11,  »I  0.»«WVi 

h.tffr*  . 

0.il»ll 

'•  ""iK 

II. iifj-J  * 

O.  ljrj« 

ii.iir.:.;  . 

ii.»Ti'..'i 

H.  ««l||  • 

n.oilV)  - 

O.UlVi- 

Jrj 

WlVi 

Oir^'.  • 

.inc.]  • 

.|»«17 

««ii;_' . 

.liP7*« 

iif.i.:  • 

i)\tt» 

.01^'. 

.OlM-^ 

.oi-v: 

irt 

.Oif> 

tnn'. 

.in'n  • 

ijirM; 

ont- 

.fli:: 

1-171  ■ 

.  1  iji  ■  1  - 

IV.".* 

.02:>7  + 

.cw«- 

.01 

.0011 

.  intj, 

.OII»»^ 

01.  r_' 

Ol7«. 

.irjiii 

.<r_irj 

ii:'ip> 

.  UW 

.(B»;- 

.0440- 

.in'. 

.OOlil 

.  ootrj 

iilL'-'  • 

.01-1 

.<rj|i; 

«»i7  - 

ICil.'.l 

.<»1i)>  - 

.  IMW 

.(ASll-f 

.0615- 

.Ilii 

JlOW» 

.  Ol'Jl  . 

Ol'.t 

.•rjl-* 

.  Wii 

.OlK-.  ■ 

111"!  . 

ii<b"i  - 

.i«»li>  • 

.iClTf 

.ww  - 

.«»7 

.0101 

oi.-.i  . 

.  <r_ifj  . 

.o:»i  ■ 

.iMm; 

U'^l^  ■ 

IN. Ill 

"Tjj- 

.i»»ll- 

.o»it-»+ 

.lOlM- 

.(M 

.OfiJ 

.oih:> 

.«rji7 

.  o.;7j 

.  o|«>, 

OI.J1 

.i»7r< 

ir«7H 

IV.M  - 

.Ill'»  - 

.  124.i+ 

.tl!» 

.olt«* 

.<rjL»i» . 

.  Ir*!.-. 

oil.; . 

.ii-Vrj 

117111 

ir".-»* 

.  HO 

n««i;* 

.IXC*-- 

.!««  + 

in 

0171 

.  <o 

.a;  I.. 

.fi.M'« 

iR.'i:'. 

OfM.7 

.  lull 

l.T. 

i.»<*.i 

.  I.Vrt  f 

.1737+ 

.11 

oiim 

.ir£>.f; 

.itv.r; ' 

.  fiV.»»  ■ 

ii7'«*.« 

lull 

Ijii.  . 

.  1  III]  • 

.  li'rirj  , 

.IKkt 

.2UIM 

U 

.  trj-^j 

.  0:t',h 

.OI'iJ  : 

CH.'<] 

(^•]m 

ll.:'.» 

|.'.».7 

.  IV*.  ■ 

ivj.-. 

.•Ji»l 

.'J2K< 

.1:( 

.«rj.'»l    < 

.      .(JCMi. 

.o.'^r.i  . 

.iiTi.T 

lirji  . 

IJ-.:  ■ 

.  IMl  • 

iT'.f* 

■J«i"i7  • 

.-^ll'iJ- 

.•J5T:V;- 

11 

.•riw) 

OIJI  . 

.  iVi*.'* 

.•p»i7 

m  .. 

ll'.i 

17-J 

._TJ««  ■ 

■_'■_''.»'.» 

.:!.>7 

.  -JCo-r 

r. 

.utio 

.0170  . 

.OtLUi 

.im'ni 

.  IJ'.i 

]>-. 

r«r« 

•  »  ■  *i| 

.  _'.M>*  : 

.  a*"**  t 

.:«»«  + 

.i«; 

.IKdl 

.0.'il7  . 

.Oti'.C.  . 

.  loll. 

I.,*- 

.  17..I.  . 

.:'!".■ 

.  Jl'". 

■_HMI7 

.31.V.»-i- 

.:«11  + 

IT 

.  o:i7:j 

.  (w;*; 

.07>  ■ 

nil 

.  1  ■..•,'•■ 

.  I'.iM. 

.L'l  ■."■.' 

J*. "7  ■ 

;'.ii7.:  . 

.:n.V.»^ 

.:«i45 

.|M 

.OKiTi 

.(r.i.') . 

.(W-'ll 

IJH. 

.].--. 

.Li»^7 

.-''-'7 

.  J'rj7 

:uiH 

.:i7<iM  - 

.41W+ 

.1« 

.oi:w 

.  ot'iij*;  ♦ 

.<P*'.M  . 

.  l:{.'r<i  • 

1^-. 

_'_■•.-• 

.  J71'« 

..:I7I 

.Ui-".*  • 

.  UK»  + 

.4.>IU 

.'-*" 

.oi7:i 

.<I7I'.» 

.ifM-'t 

.11.7  . 

.  \'»** 

.  JIIJ 

J*| .  1  ■ 

..Alu 

.«»1'.» 

.1111  + 

.49rt«  + 

■.M 

.  OTiO? 

.  <I772  • 

.  hk;7  i 

.  I'.* .7 

■Jir«.  ■ 

.  _•».-'•.  • 

.;'.r- 

.  .'.I.M. 

IJI.-.  ^ 

.nift- 

,      ..1270- 

.  '£1 

.()■'»  H 

.  JIHJ7 

nil 

.  H.7"i 

.A' IT 

■>r. 

.'.  > . 
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Table  6. — Dim'htrges,  in  ncri'-feet  for  hro-hour  jyeriodn,  of  rectangular  fveirsfrotn  1  to  JO 

feet  hng,  trith  two  end  contract ionj*,  computed  from  the  fifrmtda  Q:=S.SS  (L—.£U)  U^ — 
CJontinued. 


Depth 

of 
water ' 

on 
crcHt 


0. 


/. 

7«' 

77 

78 

79: 

w; 

81 
82 
83 

85i 
86, 
87 
88 
89' 
90, 
911 
92 

9:^ 

94: 

95i 
96 
97 
98 
99 


1-foot 
weir. 


Acrn- 


li-foot 
weir. 


2-foot 
weir. 


3-foot 
weir. 


4-foot 
weir. 


Acre- 
Jeei. 


1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
1, 
1. 
1. 
1. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
1. 


00 
01 
02 
03 
04 
(V) 
06 
07 
08 
09 
10 
11 
12 
13 


Acre- 
fed. 

0.6739+11 
.6865+;i 
.6992-1 
.  7119+  1 
.7247-1 
.7375-1 
.7504-1 
.7633+  1 
.7763+  1 
.7893+1 
.8024+1 
.SIM  -1 
.8288-  1 
.  8420+  1 
.85r):H  1 
.8687-1 
.8820+  1 
.8955-1 
.9089+1 
.9225-1 
.9:«i0f  1 
.W97-  1 
.96:«+l 
.9770+1 
.9907+1 


Acre 
fret.     ., 

.o:W6+;i. 

.05M4+  1. 
0784  -  1. 
0984-1. 
1185  f  1 


5-f<X)t 
weir. 


6-foot 
weir. 


7-f(M>t 

weir. 


Acre- 
fret. 
4033-  1 
4;««+  1 
4575+  1 


1.7 


1:J88- 
1591- 
1795  + 
2001- 
2207- 
2414  fl. 
2622  + |l 
2832- 'l 
3042  - 
:W53- 

;w»5- 

3677  + 
3891-1 
4106-11 
4321 +  !l. 
4538  -  1. 
4755-  2. 
497:^-  2. 
5192-2. 


4819  ■ 
5124- 
5400+ 
5678- 
5957+  2 


6238+ 
6520+ 
6804- 
7089- 
?375+  2 
76<«+  2 


7952+ 

8213 

853-1  +  2 

8S28--2 

9122+2 

9418-12 

9715-2 

0013  \-  2 

aU3-2 

0(il4  -2 

0916  -  2 


Acre- 
feet. 

.7680-:2 

.8022+12 

.8:}67-'2 

.8713+2 

.9062+2 

.9413-2 

.9765-2 

0119  +  12 

.0476-2 

.08*4-2 

.1194-2 

.  15554  2 

1919-12 

228-1+2 

2(ry2  -  2 

3021     2 

:mi  +  2 

.37f>4  -  2 

4l:W^;2 

4514+  2 

4892  +  13 


Acre-      Acre-   i 

feet.        feet,    i 

.1326+2.4973  + 

1.1741  +  2,5460+ 

2159-2.59504 

2578+2.644:1+ 

.  3000+ j2. 6939- 

1.3425+2.7438- 

.  3852 -J2. 7939+ 

:.4281  +  2.M43+ 

.4713-2.8950+ 

5147-  2. 94(K)  f 

5583+2.9973- 

6022-3.0488+ 

6463-, 3. 1006+ 

6906-3.1527+ 

2.7*51  +  3.2051- 

7799-3.2577  - 

8248  1-3.3106- 

3.3637- 

3.4171- 


8700+ 
9155- 

9611-3.4707+ 

00j;9+3.5246+ 

5271 +  13.0530- ,3. 6788+ 


565:1-  3 
6035+3 
W20  -3 
'3 


0992+3.03:12  + 
1457  +  13.6879- 
1924-3.7428+ 
2:193 -;3. 7980 - 
3.28tM-3.8534- 
13.3337-3.9090+ 
13.3812-3.9649+ 
:1.4289-  4.0211- 
3.47ri8  '4.0776- 
3.5249  -4.1341- 


14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21 
25 
26 
27 
28 
29 

:io 


.3 
.  3 
.3 
.3 
,3 
.3 
.3, 
.3 

■'I 

.'4, 
4, 


5.0109+ 
5.0712- 
5.  i:il6+ 


5.192:1- 
5. -2531+, 
5. 31 42+! 
5.3755+ 
5.4:170+ 


31 
:12 
33 
34 


/5. 
5. 
5. 


35 
:16 
37 
38 
39 
40 
41 
42 
43 
44 
45 


5.4987+ 
5607- 
6228- 
6851  + 
7476+1 
8104- 
8733+ 
9364+, 
9998-' 
0633+ 
1270+ 


.15. 
.5. 
.5. 

i: 

.6. 

,I6. 


4. 
4. 
4. 
4. 
4. 


5732-4.1909  + 
6217-14.2480+ 
6703+4.3053+ 
7192+4.36'29-: 
7683-4.4207- 
8175+4.4787- 
8670-14.5369+: 
9167+4.5954+    5 
9664  f  4.6541  + 
Oir>4 +  ,4.7130+, 
066<i-*-'4.7722- 
1170+4.8315+' 
1676-4.8911  + 
4.9509+ 


46 
47i 

48: 


8-foot 
weir. 


Acre- 
fed. 
2. 8620 - 
2.9179+ 
2.9742- 
3.0308- 
3.0877  + 
3.1450  + 
3.2026  + 
3.2606+ 
:i.3188— 

3.3774  - 
3.4363- 
:1.4955  - 
:i.6550  + 
3.6149- 
3.6750+ 
3.7356- 
:j.7963- 
3.8573+ 
3.9187  + 
3.98Q4- 
4.0424- 
4. 104<;+ 
4.16?2  + 
1.-2301- 
4.2932+ 
3567- 
4204- . 
4844  +  ' 
5487  + 
6133- 
4.6781  + 
4.7433- 
4.8087- 
4.8744- 
4.9403+ 
5.0066- 
5.0731- 
5. 1399- 
2069- 
2742+ 
5. 3418- 
5.4096- 
5.4777- 
5.M60+ 
5.6146+ 
5.68.35+, 
5.7526+ 
5. 8220+ i 
5.8916+' 
5.9615+. 
6.0316+ 
6. 1020- 
6. 1726+ 
6.2435- 
6.3146- 
6.3859+ 
6.4575  + 
6.5294- 
6.6014  + 
6.6737  + 
6.7463- 
6.8191- 
6.8921- 
6.9653+ 
7.0388- 
7.1125  + 
7.1864  + 
7.2606+ 
7.3350- 
7.4096+ 
7.4844  + 
7.5695+ 
7.6348+ 


9-foot 
weir. 


4. 
4. 
4. 
4. 
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fret. 
3.2267+ 
3.2896+' 
3.3534- 
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3. 6767+ 
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3.8087+ 
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4.0094- 
4.0770+ 
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7.2112+ 
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10-foot 
weir. 
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«« 


I>E    r»F    WATER    IX    IBRIGATI02I. 
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I..V/..      ->.1CTV>   9.2301-  WH 

I..'j^    ■   ■    ■..    vii-TU--    9.3174-i-  10.; 
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.91 1 ' 18,9741- 

.VI ' 14.0811- 

,«{ 14.1883- 
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MEASURING  FLUMES. 

During''  th(*  sjiriiitr  and  simniicr  of  Iv.M*  <'<)nsi(l«»nil)l(»  tinio  was  oc*cu- 
l)i<»(l  in  nitiii^  tluiiH'N.  Sulliciciit  ^z'ajrinj^'s  wrrr  iimdi*  of  carli  fliiino  to 
covrr  \\w  variation^  in  dopths  and  dischjirtifrs.  In  a  nuiiihor  of  the 
flnnics  v\iWi\  it  was  found  that  tlip  tloor  of  tin*  sti'iictiirc  was  )>eIow 
tlu*  irnid<»  of  tlio  ditcli.  IIi'Iht  dra*!  watrr  cxistrrl  in  tho  tluiiio  when 
tln'  <li.«<rliarm'  was  zero.  AftiT  tin*  <raL'"in«rs  wrn*  inad<»,  tho  notes 
j^ivinjj^  till'  width  of  a  t-ro^.s  vii^ction  and  thr  dr|)th>  al<»nj;f  it,  toffcthor 
with  thr  iiH'trr  r<»adin<xs.  wit**  cither  conipiitt'd  in  tlie  lirld  or  sent  to 
tlie  (Ihryenno  otiice.  Kach  *^i»,^injif  jrivt'^  a  drpth  and  a  <*orn\sjK)nding 
discluir}^*'  which  dclinc  ap]>roxiinat<dy  a  point  on  th(»  rating  curve 
when  phittcd  in  nM-tanj^ulai"  coordinates.  Korconvenh'nc(»,  the  various 
(h»])tlis  of  wati-r  an*  as.sinn(Ml  to  he  th<' ordinatt's  and  the  corr(*six)ndinjf 
discharjrcs  the  ahsci.ssas  of  the  <-urve.  If  the  points  when  platted  on  m 
convenient  .<caie  do  not  iii'  alon«r  <n'  near  a  strai<^''ht  line  or  curve,  it 
either  allows  inaccuracies  in  the  ji"tijfin^»'>  or  fauhs  in  the  con.struction 
of  tlie  thiUH*.  With  th«'  coordinate's  of  the  point>  ol)servation  equations 
r/i/i  /m»  written,  and  from  \\\\^sv»  w  wu^vuv  uiuth<'inatical  curvo  can  lie 
r-r>iii]>iited. 
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Tho  following  nirtluKl  of  nHliu'tioii  assumos  that  the  general  Oijua- 
tioii  of  a  conic. 

.^//' + 2Xvy // 4- />//' + iVy + 2/// + r = 0, 

repres(Mits  tlio  relation  ])etween  the  depths  //  and  the  eori*esponding 
discharges  y.  The  e(|uation  contains  six  constiints,  a^  h^  5,  ^i./^  ^i^d  c. 
Since  it  can  l)e  divided  })v  any  ont*  of  the  constants  without  affecting 
the  n^ation  l)etween  q  and  //,  there  are  only  five  conditions  to  be  satis- 
fied to  determine  the  nature  of  the  curve.  Hence  the  results  of  the 
gagings,  i.  e.,  the  depths  and  corresix)nding  discharges,  can  be  substi- 
tuted for  //  and  q  i"  tlie  gene  ml  ecjuation  and  the  observation  equation 
thus  formed.  The  number  of  gagings,  and  consequently  the  number 
of  such  etjuations,  generally  (*xceeds  six,  the  nimiber  of  constants  to 
be  determined.  They  must  therefore  be  reduced,  preferably  by  the 
method  of  h»ast  stjuarcs,  to  six  normal  equations,  which  can  be  solved 
for  the  desired  constants. 

The  resulting  curve  is  usually  hvperbolic.  Owing  to  the  fact  that 
only  a  small  portion  of  the  curve  is  used,  it  is  generally  possible  to 
find  a  paml)ola  which  will  approximate  it.  Accordingly,  a  nmiilx^r  of 
curves  have  been  computed,  using  for  the  form  of  the  observation 
equation 

in  which  </,  7>.  and  ('  are  constants.  As  this  equation  is  the  fundamental 
fonn  of  the  parabola,  the  resulting  curves  are  always  parabolas.  The 
computations  are  nmch  simplified  by  making  the  approximation. 

From  the  mathematii-al  cur\'(»  rating  tiibles  have  been  made  which 
give  the  d(*pths,  with  their  corresponding  discharges,  from  0.01  of  a 
foot  to  the  greatest  depth  the  fiume  will  carry. 

To  show  the  method  of  rating  Humes  and  preparing  the  rating  tables, 
the  results  o])tained  at  Mesa,  Ariz.,  are  given.  Mr.  W.  H.  Code  had 
charge  of  the  gagings.  He  sent  the  notes  of  his  work  to  the  office, 
where  the  rating  curve  wjis  computed  and  a  rating  table  was  prepared. 

I)e}tt1is  <iin1  rornsffdndiiH/  (liHchnrtjes  ohinineil  fnun  gtigiugn  (tfth/'  Mcmi  Caiutl. 


Depths 


hisfharKfj* 
IK»rs<*<Hnn1. 


t1. 

( 'iihicftti 

0. 59 

l.fH 

.04-. 

9.:v 

.72 

11.60 

.79 

13. 8H 

.M5 

16.30 

.92 

19.07 

.98 

22.07 

l.Oo 

25. 25 

\.V2 

28.25 

1.18 

31.00 

Depth. 


I)i.»<chargt» 
pcr.«H»cond. 


ti. 

Cubic  feet. 

1.25 

33.75    1 

1.31 

36.56    , 

1.38 

39.80    ' 

1.44 

43.80 

1.51 

48.30 

1.57 

53.60 

1.64 

59.58 

1.97 

85.00 

2,29 

115.00 

2.62 

145.00 

From  these  coordinates,  the  ecjuation  Q=21.256A*+.8502A+.0004 
was  computed.     (^  and  //  have  the  same  values  as  before  given  in  the 
general  ecj nation  for  the  dischav^^e  oi  \w^^^vi\\\\^  ^\«ev'^:^,    'X^w^^^ox^^ 
term  in  tho  second  meniher  can  \k*  imVxUoA,^  w^  \1  \ic>»  \»<^  wsv^  \p> '^Sk^^"'^ 
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Ilx-  r'— <tlt.-.  Ir  r»-pr«~*-fiT>  ih»-  'lL-'-b»iTf»-  wb^D  A  U  vro.  and  indieateii 
tt>«r  i'-ftkA(f  «r<>iin't  lb*-  fliini<-  >».-  -nttlt.  Vrtm  tbl-^tBtion  a  ntinf 
fMii\f  -xik^  f-rjiipiitftl  fi.r  'if-[jttt.>  raninntr  fr»in  ••.•■I  of  «  foot  to  tbe  iiMU 
itiiuifi  't*-frfti  '■»rri>-'l  v.-  rh'-  '-ana).  A  tab!*-  wa:-  tir4  prr^nd  pHn^ 
th<-  r'~i»ll*  in  <u^i<-  Im-j  [kt  -«i(ri'i.  It  wa.-  afterward*  n>doced.ai*  in 
lh<-  '-a.-*-  'if  Mi-ir  ?ji'il<^,  Ki  i*»rr»— [jrmHinjj  •lM:hai^»^  in  arre-feet  for 
jKTKi'l-  of  t«'.  hour-.  Tb<-  a/^vini|»nyin(;  diagnm  (fiy.  ll>iiidiaitee 
h'tw  '']ir-<-l<i'  th<-  i»(firijf  made  Nv  Mr.  OmIc  afm«  with  tbe  computed 

.\-  taMf-  '>f  itii-  '-fiarwt«T  hart-  no  i~alue  »-x«-ept  with  reference  to 
t)i<-  flume  Ui  which  th<-y  n-lat«-.  ihfv  an-  not  given  in  thii«  report. 
Hriwcvt-r.  M-hi-ri  it  i-  'vm^.iHt-n-d  that  aliout  otM-half  of  tbe  Ktatioiw 
timititMiirfl  'liiririff  ih<-  -^-A-ori  of  Ivn*  fmiil>>yttl  iiu>a.-iirin];  flumes,  tbe 
work  of  |.rf|Mririt.'  thi'  r^t'uia  taMt-  i-mh  >»-  nppm-iatf^.  The  refultn 
olttMHi'-'l  froin  fliiiiif  mtin;,'-  hnv-  -i-rvfl  ti>  -how  that  )>iit  few  poittb 
arc  rii-MlfJ  lo  (li-tiTniiri>-  i\f  iiutiin-  of  tin-  •li-'-harjp-  rur\-<'.     K«r  tbiit 


ri-Hfu>ii  il  i»  iN-ttiT  til  tiiiiki'  ;;»t;iii^s  wliiih  t 
Kix  [loiiits  ill  tlx-  nirvt'.  nitlu-r  thitii  to  Imv 
H<'ii1t.iv<l  iiloii^r  fi>r  viiriou-  .l.-plli:^.  rf.  whi 
till'  tliiiiif  in  i!iii!vi\  llir.'c  oi'  four  tiim-?*.  i-iuli 
iiii'l  th<'  |x>iii1  on  tin-  iiirvr  for  thiil  rlcpth  i: 


ill  itivumtf'ly  tix  live  or 
11  ^i-t'Ht  many  gagingH 
>  thi-  <I(>)>th  is  tho  name, 
I'MiiH  t-hifks  the  othen*, 
ri'iimtfly  IcM-ateJ.     In  a 


iiiiImt  of  t1iiiiii':<  till'  ilisilmij.'i'  whs  zero  wlii'ii  tin-  ili-|>th  was  as  great 
iiH  II  foot.  In  nthi'is  lliiTf  wiif*  II  ilisi-hiirtrc  when  thi-  dopth  whh  zero. 
Ax  till'  nuliiiN  of  ctirvutun'  of  tlif  diM-Iiiu{ri'  iiiivc  is  short  for  small 
(li'pllis.  il  is  iiii|Ktrliitit  tliiit  II  iiiiiiiIm  riif  points  lie  (Ictrrmined  there. 

REDUCTION  OP  BEOISTEB  SHEETS. 

AftiT  tin-  niliiic  tnUlt's  !iir<l  wrir  tahli's  liiid  lncn  prcpjirpd,  the  reg- 
ister slii'i'ls  wi-ri'  luki'ii  up  for  •oiitputiition.  Thi-  shiH'tn  nhow  the 
ili'pths  Oil  H  nut II rill  scali',  itnd  the  nii'iui  <li<ptli  for  two-hour  perlodH 
ciiti  Ih-  mi'n  at  a  ;iluiifv.     Nulinvi  Uw  dvi^rtU  for  inu-h  of  thene  periods, 
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the  tables  give  the  corresponding  discharge  in  either  cubic  feet  per 
second  or  acre-feet  for  that  period.  The  discharges  for  each  two-hour 
period  of  each  day  were  added,  and  this  sum  was  written  on  the  sheet. 
Aft(»r  the  season  had  ])een  completed  for  each  station,  the  sheets  were 
again  taken  up  and  a  table  was  prepared  giving  the  discharge  for  each 
day  during  the  irrigation  season.  This  finished  the  first  step  in  the 
determination  of  the  duty  of  water  for  the  canal  or  lateral  in  question. 
It  was  only  necessary  to  find  the  area  of  land  irrigated,  and  secure 
a  record  of  the  rainfall,  to  be  able  to  prepare  diagrams  showing  the 
results  of  the  work  graphically. 

DIAGEAMS. 

While  th(»  tables  give  all  the  information  obtained  relative  to  the 
volume  of  water  used  from  <*anals  and  laterals,  yet  they  require  con- 
sidera))le  study  ])efore  they  can  }>e  comprehended.  It  is  almost  impos- 
sible to  understand  the  fluctuations  as  shown  by  the  figures  of  the 
tables,  or  to  compare  the  volume  of  water  disc*harged  during  different 
days,  unless  it  is  all  placed  so  that  it  can  be  understood  at  a  glance. 
It  was  also  desired  to  show  the  rainfall  for  each  month,  and  if  possi- 
ble to  determine  the  effect  it  has  on  the  depth  to  which  land  is  covered 
by  irrigation  during  the  same  period.  Diagrams  were  therefore 
di*awn  to  show  the  tables  graphicall}"  and  the  depth  of  water  applied 
to  the  land  each  month  by  irrigation  and  rainfall.  As  the  drawings 
have  to  conform  to  the  dimensions  of  the  printed  page,  the  information 
which  the  diagrams  are  intended  to  show  is  not  exhibited  to  the  best 
advantage.  Another  factor  which  had  to  }>e  taken  into  consideration  in 
preparing  the  drawings  was  that  the  irrigation  season  varies  at  almost 
every  station.  At  the  southern  stations,  including  New  Mexico,  Ari- 
zona, and  California,  irrigation  is  practiced  throughout  the  year; 
hence  the  diagrams  have  been  drawn  to  include  a  twelve-month  period. 
The  irrigation  season  in  Northern  States  varies  greatly,  but  to  make 
the  diagrams  uniform  a  six-months  period,  beginning  April  1,  has 
been  assum(»d.  It  only  needs  a  glance  at  the  diagrams  to  show  that 
the  season  when  water  is  used  in  the  Northern  States  does  not  cover 
the  periods  allowed  for  them.  Time  divisions  are  measured  by  hori- 
zontal lines,  and  divisions  showing  the  volume  of  water  used  or  deliv- 
ered in  acre-feet  are  mea.sured  on  vertical  lines.  For  the  southern 
stations  a  day  space  is  ecjual  to  3  ir>0  of  an  inch,  and  for  northern 
stations  a  day  space  is  8  80  of  an  inch.  The  months  are  designated 
by  name  at  the  top  of  the  diagram,  and  under  them  are  the  numbers 
10  and  20  in  the*  Southern  and  5,  10,  15,  20,  25,  and  sometimes  30, 
in  the  Northein  States.  Any  intervening  day  can  l>e  easil}-  located. 
The  vertical  or  volume  scale  varies  in  eveiy  case.  This  fact  should 
be  borne  in  mind  when  comparing  the  quantity  of  ^^\Kt  \>&^  vcl  ^Ji>&.- 
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fiM'ont  loculitics,  and  the  s^iilo  of  at'n'-fiM't  at  the  loft  of  the  drawini^ 
should  In*  oxaininod  In^foiv  the  study  of  the  diagram  is  liegun.  In 
oai'h  (lav  spiu'o  during  thi'  irri^tion  s«'as(»n  is  a  r(»luniii  which  ntandn 
vorti(^illy  at  a  liri^ht.  on  the  acro-foot  s<*ah)  0(|ual  to  the  diHcharge  for 
that  day.  Thr  sum  of  tho  coluiuns  for  (Mu*h  day  of  the  irrigation 
peiiod  ^ivos  the  total  voluino  disc*har^d  hy  the  ditch  or  canal  in 
a<'re-ft»et. 

Whon  this  volume  in  aeiv-feet  is  divid<Hl  l>v  the  number  of  acres 
irri^ited,  the  result  is  the  <u}uivalent  depth  t<»  whieh  the  land  would 
In'  rovored  in  feet.  Add  the  preeipit4ition  in  feet  to  thiH,  and  the 
result  is  the  total  e(|uivalent  depth  to  whieh  the  land  would  \xi  covered. 
This  summary  is  shown  in  tlx'  column  at  the  ri^ht  of  the  discharge 
diafrram.  The  depth  suppli(»d  by  irripition  is  represented  hy  black 
areas^  while  the  minfall  is  <lesi^natcd  hy  hatehrd  aivas.  A  Hpecial 
scale  is  made  for  this  colunm.  and  it  should  not  In'  confused  with  the 
iwrc-feet  scale  at  the  left  of  the  diajifnim. 

The  diag^nims  show  that  there  is  a  ^rcat  fluctuation  in  the  daily  dis- 
charges at  each  st4ition.  The  rejristcr  sluM'ts  show  nioiv.  The  dis- 
charge not  only  varies  for  ditf(M*cnt  days,  })ut  it  chanj^es  more  or  Iea9 
each  lumr.  A  dia^nun  made  u|)  of  the  dischargees  for  each  two-hovr 
{N'riod  would  represent  a  <'urved  instead  of  an  irregular  appeanum. 
Many  of  the  dia^nims  have  s|>4'cial  features  which  need  cxplanatioa. 
Some  unusual  fluctuations  occurred  which  were  evidently  broughl' 
about  by  the  demands  made  upon  the  volume*  hy  the  irri^toi's. 
station  will  }h*  taken  u|).  therefore,  and  the  im|M)rtant  fixtures 
exhibitcHl  by  the  discharjre  diairnims  will  be  briefly  des<*rilicd. 

DIAGRAMS  SHOWING  USE  OF  WATER  NEAR  CARLSBAD,  V. 

(rL.\ll->i    IV     VNU    \'.) 

Plate  IV  shows  th(»  volume*  of  water  used  from  the  Pecos  Oanal^ 
New  Mexico.  This  station  keeps  a  (Continuous  re<>or(l  of  all  water  used 
from  the  canal  on  the  west  side  of  the  river.  Some  irri{:ration  was 
accom])lishe(l  )N*fore  the  station  was  installed,  and  irritfation  was  necea- 
sary  whcMi  the  season's  rej)ort  was  made.  lIowevt»r,  the  diagram 
shows  approximately  the  volume  of  water  necessary  for  the  (growth 
and  maturity  of  the  crops.  The  dischar^fe  of  the  canal  was  re^ilatcd 
so  as  to  provider  only  the  water  (h'livered  to  the  irrij^'ators.  so  that  but 
little  mn  to  waste  at  its  lower  termirnis. 

The  re^ist<'r  was  installed  on  April  l«i.  Th<'  disclnnye  for  that  day 
corresponding!:  to  the  record  of  dej)ths  furnished  l»y  it  was  181  acre- 
feet.  The  volume  decrejised  each  (hiy  after  t!i:it  (\n\o  until  the  22d, 
when  the  discharge  lK»^an  to  incn»ase.  On  the  Md  of  May  the  din- 
<*harj]:e  incn^ased  from  isl  to  ov<»r  '2W  acre-f<M't.  From  this  date  until 
tlw  Uth  of  July  the  demawA  U^y  nvwWy  wws  sVvwvU  vuvil  the  volume  flowing 
in  tlw  ninal  had  no  \u\\K>rta\\\  ftvwAvuvVwxw-.    \Nv\\v\  Ns\v^V\\x\vi?^wxV^ 
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the  canal  then  so  that  ^ the  channel  might  be  repaired.  Water  wan 
again  turned  into  the  canal  on  the  12th,  and  on  the  14th  the  canal  car- 
ried the  maximum  volume  for  any  day  of  the  irrigation  season.  After 
being  deprived  of  water  for  several  days,  the  irrigators  demanded  a 
large  volume.  The  low  points  shown  in  the  discharge  diagram  gener- 
ally follow  rains. 

It  will  be  noticed  in  the  column  to  the  right  that  enough  water 
passed  the  measuring  station,  including  rainfall,  to  cover  the  entire 
area  on  the  west  side  of  the  river  to  a  depth  of  7  feet.  No  rainfall 
occurred  during  May  and  August,  and  but  little  during  June  or  July. 
By  referring  to  the  first  portion  of  the  diagram  it  can  be  seen  that  the 
volume  of  the  water  used  was  affected  by  precipitation,  and  the  col- 
umn at  the  right  shows  that  the  quantity  of  water  needed  each  month 
is  about  the  same  when  rainfall  is  included. 

The  water  used  during  the  season  of  1899  at  this  station  was  in 
excess  of  the  normal  volume  needed.  The  driest  season  ever  known  in 
the  valley  occurred  during  that  year;  the  river  was  lower,  and  the  res- 
ervoirs were  not  filled  when  irrigation  began. 

The  second  station  at  Carlsbad  was  installed  for  the  purpose  of 
determining  the  quantity  of  water  required  in  irrigation  when  the  loss 
in  transportation  was  eliminated.  Plate  V  shows  the  volumes  used 
each  day,  and  the  equivalent  depth  to  which  the  land  was  covered  by 
water.  The  farm  selected  is  located  near  Carlsbad,  on  the  east  side  of 
the  river.  The  land  is  high,  the  soil  is  sandy,  and  owing  to  the  scar- 
city of  vegetation  the  water  receives  the  direct  rays  of  the  sun  through- 
out the  day  In  addition,  the  ditch  is  crooked  and  of  considemble 
length.  For  these  reasons  the  loss  from  seepage  and  evaporation  is 
excessive,  and  the  soil  needs  almost  constant  irrigation  to  produce 
crops.  The  ditc*h  is  only  4  or  5  feet  wide  and  about  a  foot  deep. 
Hence  the  fluctuations  in  its  discharge  are  greater  than  those  of  the 
main  canal.  Yet  the  two  diagrams  are  somewhat  similar.  Both  show 
that  August  is  the  month  when  the  greatest  demand  for  water  is  felt, 
and  many  of  the  impoitant  fluctuations  in  the  discharge  of  the  canal 
can  be  seen  in  the  diagram  of  this  lateral.  During  the  early  part  of 
September  the  ditch  broke  above  the  weir,  and  the  channel  was  dry  for 
a  short  time.  During  March  and  April  the  record  was  kept  only  close 
enough  to  form  an  estimate  of  the  volume  of  water  used.  Hence  the 
total  volume  is  inserted  for  these  two  months,  and  no  attempt  is  made 
to  show  the  fluctuations  which  occurred  each  day. 

DIAGRAM  SHOWING  USE  OF  WATEB  NEAB  VESA,  ABIZ. 

(Plate  VI.) 

The  diagram  is  similar  to  that  for  the  Pecos  Canal,  inasmuch  as  it 
begins  and  ends  abruptly,  showing  that  water  ^«k»  >3afc^  \jfc\^x^  ^no^ 
after  the  measurements  were  made,    Ho^e^v^Y.^  >Jti^  ^x^aXfc^V  ^«a>»5i^ 
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wax  f i>lt  during  iIh-  nioiitbK  covpivd  liy  the  meflaurements.  The  > 
fntm  .liuiiiari-  1  to  Miin'h  HI,  iiic-lusivR,  was  kept  hy  diiily  f^u^t^ri^^ 
rcftdiii)^.  Th<-  totui  diHchargt*  'm  xbowii  for  that  |>erind  i-e^rardlewi  of 
thr  daily  fltu-tiiatJoiis.  Thp  Hiiiall  di^K■ha^i^>  nhown  in  May,  .f  unn,  and 
a  jxirtioiiof  .)uly  is  diit- 1<>  a  shortaKCof  water  in  the  Salt  Uivf>r,  fnitu 
which  th<-  I'uiml  is  takoii.  Ax  the  river  tiirreaKc<l  if  (liNL-liiir^  the 
i-aiial  rifpivfd  Dion-  water,  until  <>ii  the  Ist  day  of  Auj^uxt  it  carri4-d 
268.2tfTr)  Hcn--feet.  Uiter  the  discharye  of  the  caiml  rfe«^4>d  with  tiuit 
of  the  river,  only  to  rise  a^iii  in  S*'|>ti'mber  when  miuH  fiirnUbed 
an  additional  supply.  The  ^ivat  flui-tuations  nhuwri  l»y  tiji>  iliiiffniiu 
are  unusual  in  eaimis  of  the  dimensions  of  the  Mesa  ('aiinl.  and  ran 
l*e  expluine«l  only  )iy  the  fart  that  its  supply  varied  wilJi  tlt<;  volunir 
carritKl  by  the  river.  The  eolunin  to  the  rijrht  shuwn  the  variation  in 
the  use  of  water  for  ilitfen-nt  months.  It  will  l>e  Hpen  tlial  the  depth 
to  which  the  land  is  covered  <hiriii}r  May  and  June  together  is  about 
tw<»-thirds  of  that  for  April.  .V  eomimrison  of  the  diwhai-ge  (lia|rnuii 
of  the  Mesa  Canal  and  that  of  tin-  Peeos  Canal  will  i«*r\'e  to  Hhow  the 
diffeivnee  in  tixo  when  the  supply  is  ample  and  when  it  in  tn^titScien). 
The  eonditioiiH  ut  the  two  plan-s  are  <]nite  similar',  and  yet.  while  the 
Peeos  C-anal  afforded  a  supply  sulticient  to  cover  the  land  irri^tt«^d  liy 
it  to  a  depth  of  7  fcH't,  the  Mckh  Canal  furnirilicil  only  enoujih  lo 
rover  the  land  lyin}>:  Ik-Iow  it  to  a  depth  of  4.^  feet.  The  depth  of  the 
rainfall  is  included  in  iKith. 

DIAORAHS  SHOWING  USE  OF  WATER  NXAK  SITERSIDE.  i 


Thive  KlutiouH  wen- niainbiiiied  on  the  (ia^i- (Vnal  nuar  Uivfmdf, 
Ual.  It  receives  its  water  supply  fi-oni  the  Simta  Ana  River,  and  the 
trri^ted  land  was  divided  into  thriM-  districts  and  a  Htation  inKtallfd 
where,  the  canal  ent^'rs  each  district.  .\ll  of  the  water  furtii.-ihifl  Ly 
the  canal  was  inuasured  at  station  No.  1.  At  station  No.  2  the  water 
left  ufti^r  dcduetin);  that  neinled  for  the  irrigation  of  diotriil  No,  1  wv 
me^asured,  and  the  renmining  discharge  of  the  caiml  ufli-r  Kii|>plyiii]; 
dintrict  No.  H  was  measured  at  station  No.  :i.  The  Huilualioiis  in  dis- 
charge of  large  and  Huiall  vohunes  of  water  aiv  shown  ck'urly  liy  Hwxe 
thrt'c  diagrams.  It  will  U-  si>en  that  as  the  dis^'hiirgc  decrea.ti'M  lhi- 
fluctuationi*  incrt^aise.  As  the  <-unal  is  cenientinl,  all  the  Ioks  hetween 
the  stations  is  due  to  evaporation.  The  niiny  season  in  this  Inculilv 
occurs  in  Deconilwr,  January,  and  February.  .\m  examination  of  the 
diagrams  will  show  that  during  this  i>eri(Kl  the  demand  for  water  in  at 
a  tnininumi.  The  vertical  or  voUuue  .scales  for  stjitions  No.  1  and  No. 
i£  are  nearly  the  same,  while  for  station  No.  :>  the  scale  is  hgvcu  times 
8(4 great.  AcomiMtison  lietween  these  diagnunsandtheonofurniidiMl 
hv  the  jneaxurempnUmaAe  \n  "Sew  "SV-s:\v  n  ■A\«-«*\\w  dlftorenee  between 
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the  ecouomical  and  wasteful  use  of  water.  The  climatic  conditions 
are  somewhat  similar,  yet  the  same  quantity  of  water  in  California  is 
spread  over  three  times  as  much  land  as  it  was  made  to  cover  in  New 
Mexico.  When  canals  are  cemented  and  a  large  portion  of  the  water 
is  delivered  therefrom  in  pipes,  losses  are  in  a  large  measure  pre- 
vented. If  all  IcK^lities,  regardless  of  climatic  conditions,  were  to 
adopt  the  same  precautions  for  preventing  waste  as  have  been  installed 
on  the  Gage  Canal,  there  is  no  reason  to  predict  a  great  variation  in 
the  dutv  of  water  aside  from  that  which  results  from  the  diflPerent 
demands  made  by  various  crops  and  soils.  At  present  the  supply 
furnished  by  the  Pecos  River  is  ample,  while  in  California  there  is  a 
demand  for  every  available  cubic  foot  of  water.  The  Gage  Canal  dis- 
charged sufficient  water  to  cover  the  land  under  it  to  an  equivalent 
depth  of  2.71  feet,  including  rainfall.  The  record  runs  from  October, 
1898,  to  Septem]>er,  1899.  During  a  period  of  less  than  six  months, 
beginning  with  April  15  and  ending  September  80,  the  Pecos  Canal 
furnished  enough  water  to  cover  the  land  under  it  to  a  depth  of  7  feet, 
including  rainfall.  It  is  interesting  to  note  that  the  volume  of  water 
needed  each  month  from  the  Gage  Canal  is  pi*actically  the  same.  The 
rainfall  during  the  winter  months,  added  to  the  volume  of  irrigation, 
makes  the  depth  during  that  season  equal  to  that  for  each  of  the 
remaining  nine  months. 

DIAGRAMS   SHOWING  USE   OF  WATEB  FROM  BIG  COTTONWOOD 

CREEK,  UTAH. 

(Plates  X,  XI,  XII,  XIII,  XIV,  and  XV.) 

The  diagrams  for  each  locality  where  measurements  have  been  kept 
exhibit  special  features.  The  diagiiims  showing  the  discharge  of  canals 
taking  water  from  Big  Cottonwood  Creek  in  Utah  are  characteristic 
for  that  State.  The  irrigation  season  covers  the  same  period  on  each, 
and  the  demand  for  water  varies  uniformly  in  all  but  one.  The  excep- 
tion is  the  Green  Ditch,  which  experienced  a  shortage  of  water  during 
the  latter  part  of  eTune  and  throughout  July.  It  used  more  water 
proportionally  later  in  the  season  than  any  of  the  others. 

Weirs  were  used  exclusively  in  all  of  these  canals,  and  readings  of 
the  depth  of  water  flowing  over  them  were  made  as  often  as  possible 
by  the  water  masters.  The  record  for  April  and  May  has  been  esti- 
mated. The  columns  at  the  right  of  each  diagram  show  that  the  equiv- 
alent depths  that  the  various  canals  would  have  covered  the  land  under 
them  varies  from  3.32  feet  to  6.79  feet.  The  land  on  which  the  great- 
est depth  of  water  was  applied  is  supplied  by  the  largest  canal. 

A  comparison  between  these  diagrams  and  those  for  the  southern 
stations  shows  that  the  demand  for  water  is  much  diflPerent  during  the 
irrigation  season.     June  and  July  are  the  mo\i\]ti!&  ol  \sMKKsssssixs^  N^asfc^ 
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ih  THE   USE   OF    WATEB  IN   UUUOATIOK. 

April,  August,  and  September  are  the  months  when  only  small  quan- 
tities are  needed,  and  if  the  i-ei'ords  were  earned  throughout  the  year 
the  remaining  six  months,  {beginning  with  October  1,  would  show  piao- 
tieally  no  discharge. 

DIAGKAMB  SHOWING  USE  OF  WATSB  NEAB  IiGOjUT,  UTAH. 

(PlATH*  XVI   AND  XVII.) 

Plate  XVI  shows  the  results  of  the  measurements  made  of  the  dis- 
charge of  the  Logan  and  Richmond  Canal.  It  has  the  same  general 
form  as  have  all  the  diagrams  for  northern  stations,  and  it  is  very 
much  like  those  showing  the  discharge  of  the  canals  taking  water  from 
Big  Cottonwood  Creek,  Utah.  Water  was  turned  into  the  canal  early 
in  June.  The  volume  was  gnidually  increased  until  the  middle  of 
July,  when  the  demand  was  at  its  inaxinnmi.  By  the  middle  of 
August  the  discharge  of  the  (*anal  was  small.  The  demand  increased 
toward  the  end  of  August  for  the  irrigation  of  late  crops  and  meadow 
land. 

In  studying  the  discharge  diagram  of  a  main  (*anal  there  is  a  tend- 
ency to  iM'lit've  that  each  irrigator  used  water  continuously  and  that 
the  (juantity  of  water  used  Hurtuati'd  with  the  pn'i^ipitation  and  diS 
rrop  irrigated.  That  this  is  not  the  nist*  is  shown  by  Plato  XVII,  wUflll 
indinites  the  volume  of  water  net^ded  and  the  time  when  irrigatba 
was  necessary  for  a  farm  under  a  lateral  from  the  main  c^naL  IrI- 
gation  iM'gim  on  June  2o  nnd  was  carried  on  until  June  *2H.  NbtMAsr 
was  used  aft^M*  that  until  July  t^  when  irrigation  was  conunenced  and 
continued  until  the  ir)th.  From  that  date  initil  August  IT  no  waterwas 
iLsed.     The  third  irrigation  o<*curred  hetween  August  l(i  and  AnguafcttL 

DIAGRAMS  SHOWING  USE  OF  WATER  NEAB  T.AiTAitt.,  QOfUX 

(pr,ATi.>  xviii  vM>  XIX.) 

The  investigiition  to  delennine  the  duty  of  water  in  Colorado  Iw 
been  (*arried  on  inider  the  irrigation  system  of  theCireat  Plains  Wafew 
Company,  which  takes  its  supply  of  water  from  the  Arkansas  Biw. 
The  Amity  Canal,  whose  headg.ite  is  near  the  town  of  Lanuur,  WM 
selected  for  the  measureuKHits.  While  the  canal  is  one  of  the  longeit 
in  Colonido,  yet  the  tlu<*tuation.s  in  its  discharge,  as  shown  by  Fhto 
XVIII,  are  rapid.  This  can  be  explained  l>y  the  sc*anty  supply  for- 
nish(^d  by  the  river.  The  diagram  for  Amity  Canal  is  similar  to  that 
for  the  Mesa  Canal  in  Arizona  in  this  luvspect.  The  demands  of  the 
irrigators  were  in  excess  of  the  volume  of  water  available  throughout 
the  season.  If  the  reservoirs  ])elonging  to  this  system  had  been  filled, 
the  diagmm  would  have  had  a  much  ditlerent  api^m ranee  and  would 
have  represented  the  volume  of  watcM*  n^'eded  nither  than  the  volmns 
flowing  in  the  river  at  the  canal's  heiidgate.  During  the  latter  r 
July  no  water  was  available. 
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the  ecouomical  and  wasteful  use  of  water.  The  climatic  conditions 
are  somewhat  similar,  yet  the  same  quantity  of  water  in  California  is 
spread  over  three  times  as  much  land  as  it  was  made  to  cover  in  New 
Mexico.  When  canals  are  cemented  and  a  large  portion  of  the  water 
is  delivered  therefrom  in  pipes,  losses  are  in  a  large  measure  pre- 
vented. If  all  localities,  regardless  of  climatic  conditions,  were  to 
adopt  the  same  precautions  for  preventing  waste  as  have  been  installed 
on  the  (xage  Canal,  there  is  no  reason  to  predict  a  great  variation  in 
the  dutv  of  water  aside  from  that  which  results  from  the  diflPerent 
demands  made  by  various  crops  and  soils.  At  present  the  supply 
furnished  b}'  the  Pecos  River  is  ample,  while  in  California  there  is  a 
demand  for  every  available  ('ubic  foot  of  water.  The  Gage  Canal  dis- 
charged sufficient  water  to  cover  the  land  under  it  to  an  equivalent 
depth  of  2.71  feet,  including  I'ainfall.  The  record  runs  from  October, 
1898,  to  September,  1899.  During  a  period  of  less  than  six  months, 
beginning  with  April  15  and  ending  September  30,  the  Pecos  Canal 
furnished  enough  water  to  cover  the  land  under  it  to  a  depth  of  7  feet, 
including  rainfall.  It  is  int<M*esting  to  note  that  the  volume  of  water 
needed  each  month  from  the  Gage  Canal  is  practically  the  same.  The 
rainfall  during  the  winter  months,  added  to  the  volimie  of  irrigation, 
makes  the  depth  during  that  season  equal  to  that  for  each  of  the 
remaining  nine  months. 

DIAGRAMS   SHOWING   USE   OF  WATER  FROM  BIG  COTTONWOOD 

CREEK,  UTAH. 

(Plates  X,  XI,  XII,  XIII,  XIV,  and  XV.) 

The  diagrams  for  each  locality  where  measurements  have  been  kept 
exhibit  special  features.  The  diagmms  showing  the  discharge  of  canals 
taking  water  from  Big  Cottonwood  Creek  in  Utah  are  characteristic 
for  that  State.  The  irrigation  season  covers  the  same  period  on  each, 
and  the  demand  for  water  varies  uniformly  in  all  but  one.  The  excep- 
tion is  the  Green  Ditch,  which  experienced  a  shortage  of  water  during 
the  latter  part  of  eTune  and  throughout  July.  It  used  more  water 
proportionally  later  in  the  season  than  any  of  the  others. 

Weirs  were  used  exclusively  in  all  of  these  canals,  and  readings  of 
the  depth  of  water  flowing  over  them  were  made  as  often  as  possible 
by  the  water  masters.  The  record  for  April  and  May  has  been  esti- 
mated. The  columns  at  the  right  of  each  diagram  show  that  the  equiv- 
alent depths  that  the  various  canals  would  have  covered  the  land  under 
them  varies  from  3.32  feet  to  6.79  feet.  The  land  on  which  the  great- 
est depth  of  water  was  applied  is  supplied  by  the  largest  canal. 

A  comparison  between  these  diagrams  and  those  for  the  southern 
stations  shows  that  the  demand  for  water  is  much  diflPerent  during  the 
irrigation  season.     eJune  and  July  are  the  months  of  maximum  use. 


f?ly 
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April,  August,  and  September  are  the  months  when  only  small  quan- 
tities arc  needed,  and  if  the  records  were  carried  throughout  the  year 
the  remaining  six  months,  beginning  with  October  1,  would  show  piao- 
ticalh'  no  discharge. 

DIAGRAMS  SHOWING  X78E  OF  WATEB  NEAB  LOOAN,  UTAH. 

(PlaTKH  XVI    AND  XVII.) 

Plate  XVI  shows  the  results  of  the  measurements  made  of  the  dis- 
charge of  the  Ijogan  and  Richmond  Canal.  It  has  the  same  genend 
form  as  have  all  the  diagrams  for  northern  stations,  and  it  is  veiy 
much  like  those  showing  the  discharge  of  the  i^nals  taking  water  from 
Big  Cottonwood  Creek,  Utah.  Water  was  turned  into  the  canal  early 
in  June.  The  volume  was  gnidually  increased  until  the  middle  of 
July,  when  the  demand  was  at  its  maxinnim.  By  the  middle  of 
August  the  discharge  of  the  canal  was  small.  The  demand  increased 
toward  the  end  of  August  for  the  irrigation  of  late  cmps and  meadow 
land. 

In  studying  the  discharge  diagram  of  a  main  ciuial  there  is  a  tend- 
ency to  believe  that  i*a<'h  irrigator  used  water  continuously  and  tiist 
the  (|uantity  of  water  used  fluctuated  with  the  precipitation  and  the 
crop  irrigat4»(l.  That  this  is  not  tli«»  case  isshown  l)v Plate  XVII,  whidi 
indicates  the  volume  of  water  needed  and  the  time  when  irrigatioo 
was  necessary  for  a  farm  under  a  lateral  from  the  main  canaL  Irri- 
gtition  iH^giu)  on  June  :^n  \u\i\  was  carrie<l  on  until  June  28.  No  water 
was  used  after  that  until  July  t*.  when  irrigation  was  commenced  and 
continued  until  the  ir)th.  From  that  date  until  August  17  no  water WM 
used.     The  third  irrigation  occurred  Uetween  Augast  1U  and  AngtieftMi 

DIAGRAMS  SHOWING  USE  OF  WATEB  NEAB  LAKAB,  OOXA 

\V\.\vy>  Win   AM)  XIX.) 

The  iiivestigtition  to  d(>termine  tht*  duty  of  water  in  Colorado  faai 
been  carri(»d  on  under  tin*  irrigation  syst«M]i  of  theCrreat  Plains  Watpr 
Com|)iuiy,  which  takes  its  supply  of  water  from  the  Arkansas  River. 
The  Amity  CanaK  whose  InMuigate  is  n(»ar  the  town  of  Lamar,  WW 
seh'cted  for  the  measurements.  While  the  canal  is  one  of  tho  longest 
in  C'olonido,  yet  the  fluctuations  in  its  discharge,  as  shown  by  Piste 
XVIII,  are  rapid.  This  <'an  he  <'xplaini*d  hy  tin*  sitmty  supply  fur- 
nished by  the  river.  The  diagram  for  Amity  Canal  is  similar  to  that 
for  the  Mesa  Canal  in  Arizona  in  this  respect.  The  demands  of  the 
irrigators  were  in  excess  of  the  volume  of  water  available  throughout 
the  season.  If  the  reservoirs  belonging  to  this  system  had  Ix^en  filled, 
the  diagram  would  have  had  a  nmch  (iitferent  appeanince  and  would 
have  represented  the  volume  of  water  needed  rathei*  than  tho  volume 
flowing  in  the  river  at  the  canal's  h(»adgate.  During  the  latter  part  of 
July  no  water  was  available. 
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Plate  XIX  shows  how  intermittent  was  the  supply  furnished  the 
Biles  Lateral.  This  lateral  leaves  the  main  canal  over  40  miles  below 
the  headgate;  hence  the  length  of  the  periods  of  scanty  supply  are 
increased  by  loss  of  water  through  seepage  and  evaporation.  The 
divei-sity  of  crops  under  the  Biles  Lateral  would  require  an  almost 
constant  volume  of  water  to  be  provided;  yet  during  a  month  begin- 
ning July  17  no  water  was  used.  It  is  difficult  to  follow  the  fluctua- 
tions of  the  discharge  of  the  main  canal  to  the  lateral.  The  supply 
furnished  by  the  river,  the  volume  used  between  the  headgate  and  the 
point  of  diversion  of  the  lateral,  and  the  extent  of  loss  through  seep- 
age and  evaporation  all  served  to  complicate  the  diagram. 

DIAGRAMS  SHOWING  USE  OF  WATER  NEAR  GOTHENBURG,  NEBR. 

(PLATI-a^    XX    AND    XXI.) 

Two  stations  were  maintained  during  the  season  of  1899  on  the  irri- 
gation system  of  the  Gothenburg  Power  and  Irrigation  Company,  at 
Gothenburg,  Nebr.  One  station  was  installed  on  the  Gothenburg 
Canal  and  another  on  a  lateral  some  (>  miles  east  of  the  town  of 
Gothenburg.  The  effect  of  the  gi'ade  given  to  the  Gothenburg  Canal 
is  almost  totally  destroyed  by  a  system  of  checks  along  it,  put  in  for 
the  purpose  of  raising  water  so  that  laterals  may  be  taken  from  the 
channel.  These  structures  made  it  impossible  to  put  in  measuring 
flumes  or  independent  well's.  The  conditions  being  suitable,  one  of 
the  checks  was  utilized  as  a  rectangular  weir. 

The  irrigation  period  proper  is  shown  on  Plate  XX,  giving  the  dis- 
charge of  the  canal,  and  is  included  })etween  June  7  and  August  10. 
Water  was  used  later  than  August  10,  but  it  was  not  needed  for  the 
growth  and  maturity  of  crops.  The  ground  was  irrigated  in  some 
cases  after  the  crops  had  been  harvested,  so  that  the  land  could  be 
plowed.  During  the  irrigation  season  the  flow  of  the  canal  was  regu- 
lated as  the  use  varied,  and  but  little  water  ran  to  waste  either  at  the 
lower  terminus  of  the  c^nal  or  through  laterals.  At  Gothenburg  is 
located  a  reservoir  of  considerable  area,  through  which  the  canal  runs. 
This  body  of  water  serves  to  furnish  a  steady  discharge  for  the  canal 
when  such  is  desired.  However,  as  the  demand  for  water  changed 
each  day  the  volume  flowing  in  the  canal  varied  to  meet  it,  so  that  the 
diagi*am  is  somewhat  irregular  in  appearance. 

The  measurements  made  to  determine  the  duty  of  water  utilized 
were  kept  on  the  farm  of  D.  W.  Daggett  near  Gothenburg.  The 
length  of  the  latei-al  from  the  main  canal  to  his  land  was  only  a  few 
feet,  so  that  the  measuring  weir  was  installed  in  the  bank  of  the  canal. 
The  diagram  (PI.  XXI)  shows  the  volume  of  water  used  on  his  farm, 
and  indicates  the  time  when  irrigation  was  necessary  and  the  period 
required  for  the  same.  It  will  be  noticed  that  water  ran  in  the  main 
canal  before  any  was  used  for  irrigation  on  the  farm.     The  same  fact 
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would  1)0  shown  if  iiieaNureiiient^  had  l)e<;n  kept  on  every  lateral 
diverting  water  from  the  canal.  Aft  is  generally  true  of  unoemented 
canals,  the  dis<*hargo  was  lost  h}'  percolation  during  the  first  few  days 
of  the  season.  Only  i*orn  and  wheat  were  raised  and  served  by  the 
volume  of  water  shown  on  the  diagram.  The  times  when  irrigation 
was  necessary  are  plainly  indicated.  No  water  was  needed  for  these 
crops  after  July.  The  disi*harge  shown  for  August  and  September 
cither  ran  U)  waste  or  was  used  to  moisten  the  ground  for  plowing. 

DIAGRAMS  SHOWING  USE  OF  WATEB  NXAB  WHBATX^AHD,  WYO. 

(PlATK   XXII  AND  FltnTRlGH  12  AND  13.) 

The  irrigation  system  of  the  Wyoming  Development  Company  is  the 
largest  in  that  State.  Two  stations  were  installed  under  this  system 
during  May,  18iM^;  one  on  Canal  No.  2  and  another  on  a  lateral  taking 
watin*  from  it.  Water  was  turned  into  the  canal  on  June  11,  but  little 
was  utilized  for  irrigation  Wfore  the  2()th.  Not  only  the  channel  of  the 
main  canal,  but  the  entire  distribution  system  had  to  be  satozHted. 
The  diagram  showing  the  discharge  of  water  in  the  main  canal  indi- 
cates that  the  season  began  and  ended  abruptly.  It  has  the  appeanmoe 
of  an  incomplete  record,  as  though  the  station  had  been  installed  after 
the  use  of  water  )>egan,  and  that  irrigation  was  continued  after  the 
record  was  con(;luded.  However,  such  is  not  the  (*ase.  The  canal  is 
supplied  by  a  reservoir,  in  addition  to  diverting  water  directly  from 
Sy)>ille  Creek.  The  discharge  from  the  reservoir  can  be  varied  at 
will;  hen(*e  the  cunal  carries  the  amount  of  water  needed  for  irrigation 
under  it  em^h  day.  The  crop  which  nMjuire^s  the  greatest  volume  of 
water  is  alfalfa.  The  steady  disc^harge  of  the  main  canal,  as  shown  by 
the  diagram,  is  largely  due  to  the  use  of  water  on  areas  devoted  to 
crop.  From  the  12th  of  fhiiuy  to  the  7th  of  August  the  alfalfa 
irrigat(»d  three  times  or  more. 

The  land  under  the  lateml  was  devoted  to  raising  corn  and  oats. 
Th(»  diagrams  showing  the  volume  of  water  needed  for  these  crops  indi-  . 
(»ate  the  difference  in  the  irrigation  season  for  the  two.  As  shown  by 
fig.  12,  it  was  necessary  to  irrigate  the  oats  three  times.  The  rainfall 
which  occurred  in  June  doubtless  served  as  another  irrigation.  The 
arcii  of  the  field  was  small,  hence  it  was  irrigated  in  from  three  to  five 
days.  Figure  13  shows  the  time  when  corn  needs  water  at  Wheatland. 
Irrigation  l)egan  on  July  24  and  ended  on  the  2JHh. 

The  rainfall  which  occurred  in  Septemlx^r  came  after  all  irrigation 
had  ceased  and  all  crops  had  ))een  harvested;  hence  it  does  not  in  anv 
way  affect  the  volume  of  water  used.  Unless  the  precipitation  which 
occurred  in  August  fell  during  the*  early  part  of  the  month  it  had  no 
valu«»  as  an  aid  to  growing  crops. 
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DIAGRAMS  SHOWING  USE  OF  WATER  NEAR  BOISE,  IDAHO 

(Plates  XXIII,  XXIV,  and  XXV. ) 

The  investigations  in  Idaho  were  confined  to  canals  taking  water 
from  the  Boise  River.  The  entire  work  deals  with  the  use  of  water 
on  famis  and  from  latei*al8.  No  measurements  were  made  of  the  water 
used  from  canals,  but  the  investigations  carried  on  relative  to  the  use 
under  the  Rust  I^ateral,  as  shown  by  Plate  XXIII,  were  quite  similar 
to  the  record  obtained  from  canals  elsewhere.  The  season  begins 
abruptly,  showing  that  irrigation  was  practiced  by  a  number  of  farmers 
as  soon  as  a  supply  was  afforded.  The  diagi*am  shows  that  no  great 
fluctuations  took  place  in  the  discharge  of  the  lateral.  This  can  be 
explained  in  sev^eral  ways.  A  large  number  of  users  generally  have 
to  irrigate*,  a  variety  of  crops.  Each  man  is  his  own  judge  as  to 
when  to  plant  and  when  to  irrigate.  If  in  addition  the  irrigators  are 
inclined  to  wast<^  water,  the  volume  consumed  becomes  more  uniform. 

The  diagi*am  (PI.  XXIV)  showing  the  volume  of  water  used  for 
the  irrigation  of  the  orchard  of  Mr.  Wilson,  near  Boise,  indicates  a 
much  more  economical  use.  From  June  7  to  August  14,  inclusive, 
irrigation  was  practiced  constantly,  but  the  flow  was  so  regulated  that 
the  entire  volume  of  water  received  by  the  land,  including  the*  niinfall 
during  the  irrigation  season,  would  cover  it  to  a  depth  of  only  l.S  feet. 

Plate  XXV  is  the  most  interesting  diagram  from  Idaho.  It  shows 
the  volume  used  on  the  farm  of  Mr.  A.  F.  Long,  near  Nampa.  Irriga- 
tion was  begun  in  May  and  continued  until  late  in  September.  The 
unusual  length  of  the  irrigation  season  is  due  to  a  large  acreage  of 
meadow.  The  land  devoted  to  orchards  was  irrigated  during  practi- 
cally the  same  season  jis  covered  by  the  irrigation  of  Mr.  Wilson's 
orchard.  Both  the  old  and  new  meadow  were  irrigated  at  intervals 
throughout  the  season.  The  third  portion  of  the  diagram  under  the 
discharge  diagram  shows  the  dates  when  the  various  crops  were  irri- 
gated, and  the  depths  to  which  the  land  was  covered  each  time.  Mr. 
Wilson's  orchards  required  steady  irrigation  for  over  two  months. 
Corn  and  oats  at  Wheatland  re([uired  an  irrigation  period  of  six  days 
and  eleven  days,  respectively,  whil(»  Mr.  Long's  new  meadow  was  irri- 
gated often  during  a  period  of  five  months,  beginning  with  May.  The 
length  of  the  season  for  irrigating  gi'ains  and  fruits  in  the  Boise  Valley 
is  shown  bv  the  records  furnished  from  the  farms  of  Mr.  Wilson  and 
Mr.  Long.  The  season  practically  begins  on  the  1st  of  June  and  ends 
at  about  the  middle  of  August.  The  water  used  before  and  after  these 
dates  plays  no  important  part  in  the  total  volume  of  water  applied  to 
the  land. 
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DIAOBA3E  SHOWINa  USE  OF  WATSB.  HXAB  i 

(Platk  XXVI.) 

Plate  XXVI  »howH  tlic  results  of  the  meaBurementA  of  the  discharge 
of  thu  Middle  Cret'k  diu-h,  near  Bozenian.  Mont  Tlie  total  discharge 
of  thi<  Middle  (.^eck  ditch,  a.-)  hHowii  )iy  the  diagram,  was  8,074  acn- 
fei't,  HI' enough  including  miiifall  to  cover  the  Und  irrigated  to  a  depth 
of  2.r)t>  f<M;t.  The  uxe  of  water  after  August  15  is  rather  uniuiial,  aod 
the,  irrigation  si'amui  for  lloxeuian  really  lies  between  the  middle  of 
June  and  that  date.  The  time  when  irrigation  is  necessary  at  Boxeman 
IN  ])ractieally  the  .-^iiniti  as  at  Wheatland,  Wyo.  The  dia^franu  for 
different  places,  however,  are  not  Miniitar.  The  use  at  Bozeman  begin 
on  the  Uith  mid  gradually  inerea.'H'M  until  the  1st  of  July.  Thitt  grad- 
ual ineivaiu;  and  deen>ast-  in  the  volume  used,  while  partially  due  to  a 
short  season,  eun,  in  ii  nieusiiix«,  Ih^  as«'ril)ed  to  a  lai*^  area  of  the 
irrigated  land  iK-iiig  sown  to  gniiiis  and  garden  produce. 


REPORTS  OF  SPECIAL  AGENTS  AND  OBSERVERS. 


The  stations  included  in  this  report  fall  naturally  into  two  groups, 
the  first  including  the  States  and  Territories  in  which  the  use  of 
water  may  be  continuous;  the  second  those  in  which  it  is  interrupted 
during  the  winter  months.  The  first  includes  Texas,  New  Mexico, 
Amona,  and  California;  the  second,  Nebraska,  Colorado,  Wyoming, 
Montana,  Utah,  and  Idaho.  The  reports  follow  in  the  order  in  which 
these  States  are  here  named: 

TEXAS. 

The  distance  from  the  eastern  boundary  of  Texas  to  its  western  limit 
at  El  Paso  is  700  miles.  The  variation  in  annual  rainfall  between  the 
two  extremes  is  37.6  inches,  being  48.7  inches  at  Texarkana  and  11.1 
inches  at  El  Paso.  Eastern  Texas  therefore  is  humid,  western  Texas 
is  arid,  while  the  north  central  portion  is  debatable  ground. 

In  the  arid  section  of  the  State  the  use  of  water  in  irrigation  extends 
from  the  Gulf  of  Mexico  to  the  northern  limit,  a  range  of  10  degrees 
of  latitude.  In  the  southern  end  of  this  portion  of  the  State  irrigation 
in  winter  is  practical  to  some  extent;  in  the  north  it  is  restricted  to 
the  spring  and  summer  months.  A  comprehensive  study  of  the  meth- 
ods of  irrigation  in  this  State  is  therefore  an  undertaking  of  consider- 
able magnitude,  and  the  work  done  in  1899  was  only  a  beginning. 

The  observations  on  the  duty  of  water  in  1899  were  made  at  Bee- 
ville  on  the  Gulf  coast  near  the  southern  extremity  of  the  State.  This 
place  was  chosen  because  it  is  in  the  section  between  the  regions 
where  irrigation  is  necessary  and  where  it  is  simply  advantageous. 
In  climate  and  products  it  is  in  some  respects  diflferent  from  all  other 
stations  at  which  observations  were  made. 

No  measurements  were  made  in  northwestern  Texas  because  those 
made  at  Carlsbad,  N.  Mex.,  were  regarded  as  apph'ing  fairly  well  to 
this  region.  The  measurements  in  Texas  are  being  made  by  S.  A. 
McHenry,  superintendent  of  the  Beeville  substation  of  the  Texas  Agri- 
cultural Experiment  Station.  The  use  of  water  at  this  place  being  con- 
tinuous, no  report  can  be  made  at  this  time  of  the  annual  duty.  The 
only  crop  irrigated  during  the  summer  was  watermelons.  A  patch  of 
watermelons  was  irrigated  on  June  1  and  the  water  used  was  equal  to 
a  layer  1  inch  in  depth  over  the  surface  irrigated.  It  was  estimated 
that  the  yield  of  the  irrigated  land  was  about  25  per  cent  greater  than 
that  of  an  adjacent  patch  not  irrigated.  The  sununer  rainfall  this  year 
was  ample  for  most  crops,  being  nearly  12  inches  for  the  six  months 

from  May  to  October. 
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All  the  stivains  of  Texas  carry  more  or  less  sediment  in  suspension. 
This  fiu't  liiis  dolayod  th«^  construction  of  many  large  irrigation  works, 
and  the  .solution  of  tlu^  })ro])leni8  relative  to  the  effect  of  silt  on  ditches 
and  cultivated  fields  uuist  Yh'  brought  al)out  }>efore  the  irrigated  area 
in  Texas  is  frr(»atly  incre4ised.  When  water  containing  this  silt  is 
applied  to  a  Held,  a  di*{K)sit  is  left  on  the  surface.  Whether  this  has 
Ihhmi  heiu^ti(*ial  or  otherwise  has  long  been  a  disputed  question.  It  is 
at  i)res(^nt  the  most  im|x>rtant  (question  connected  with  irrigation  in 
the  Southwestern  States.  Those  most  interested  in  the  agricultural 
int(T(»sts  of  thos(»  Stjites  have  asked  for  a  careful  study  of  the  prob- 
lems connected  with  tlie  depositions  of  silt  in  canals  and  on  fields  by 
sonu^  disinterested  party. 

With  this  end  in  view,  arrangements  have  been  made  with  Prof.  J.  C. 
Nagle,  of  th(»  Agricultunil  and  Me(»hanical  (,'ollege  at  College  Station, 
Texas,  for  tin*  collection  and  analysis  of  samples  of  water  from  impor- 
tant streams  of  Texas.  He  is  to  be  aided  bv  the  chemist  of  the  State 
ex{>4*riment  station  in  the  analysis  of  the  samples.  He  has  already 
colh»ct4'd  a  hirge  numb<»r  of  samples  from  various  streams  during 
tlo(Kls  and  during''  seasons  of  low  water.  These  have  all  l>een  forwarded 
to  College  Station,  where  th(»  work  of  analysis  is  lieing  carried  on. 
The  work  of  collecting  the  samples  from  tlu»  rivers  has  i*aised  prob- 
lems of  its  own.  A  special  instrument  has  been  designed  and  con- 
stnict4»d  which  permits  samph»s  to  Ik»  collected  at  any  depth  between 
the  surface  and  th(^  hinl  of  the  stream. 

The  rej)ort  on  the  results  of  this  invest igati(m  will  Iw  prepared  by 
Professor  Nagle  and  published  in  bulletin  form. 


NEA^V^  MEXICO. 


There  are  two  important  irrigation  districts  in  New  Mexico:  The 
valleys  of  the  Rio  Grande  and  of  the  Pecos.  Measurements  of  the 
duty  of  water  were  made  in  both.  The  records  on  the  Rio  Grande 
were  kept  by  Profs.  Charles  A.  Keffer  and  J.  D.  Tinsley,  of  the  New 
Mexico  Agricultural  Experiment  Station;  those  on  the  Pecos  by  Mr. 
W.  M.  Reed,  chief  engineer  of  the  Pecos  Irrigation  and  Improvement 
Company. 

The  work  in  this  Territory  at  the  experiment  station  was  conducted 
for  the  purpose  of  information  rather  than  for  pecuniary  profit,  and 
had  the  further  drawback  of  an  insufficient  water  supply  during  part 
of  the  year.     The  results  were  so  unsatisf actoiy  that  they  are  not  given. 

USE  OF  WATEE  IN  ISBIQATION  IN  THE  PECOS  VALLEY. 

By  Special  Agent  W.  M.  Reed, 
Chief  Engineer  of  the  Pecos  Irrigation  and  Improvement  Company, 

BEGINNINa  OF  AGSIGTTLTXTBJ:  IN  THE  PECOS  VALLEY. 

Previous  to  1888  the  Pecos  Vallej'^  was  known  only  to  range  stock- 
men and  a  few  farmers  who  had  settled  on  the  small  streams  and 
springs  where  it  was  easy  to  divert  water  for  irrigation  purposes. 
The  success  of  these  few  farmers  demonstrated  that  the  soil,  water, 
and  climate  of  the  valley  were  adapted  to  successful  farming,  and  this 
knowledge  led  Mr.  Charles  B.  Eddy  and  Mr.  Charles  W.  Greene  to 
attempt  reclaiming  the  valley  upon  a  large  scale.  Others  were  inter- 
ested and  companies  with  strong  Anancial  backing  were  organized  to 
carry  out  the  ideas  of  Messrs.  Eddy  and  Greene.  Work  was  l>egun 
on  a  canal  from  the  Rio  Hondo,  5  miles  east  of  Roswell,  and  also  on  a 
canal  from  the  Pecos  River  6  miles  north  of  Eddy.  From  March,  1889, 
the  work  was  carried  on  with  vigor  until  the  system  was  in  working 
order. 

As  this  report  is  to  cover  only  the  investigations  in  Ekldy  County, 
nothing  will  be  said  about  the  canal  in  Chaves  County,  taken  from  the 
Rio  Hondo,  more  than  that  it  was  carried  to  completion  and  farming 
was  begun  under  it  in  the  summer  of  1891.  At  the  present  time  there 
are  about  4,000  acres  in  cultivation  under  the  system. 
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THE   IBBIGATIGN  SYSTEM  OF  THE  PEOOS  ntBXGATIOir  AMD 

IMPBOVEMEirr  OOKi'AVY. 

(Map,  Platk  XX VII.) 

RESEKVOIR8. 

The  total  annual  How  of  the  Pecos  is  sufficient  to  supply  all  the 
water  for  irripition  that  the  canals  now  built  will  over  l)e  called  upon 
to  supply,  but  the  discharge  is  very  irregular.  There  are  floods  in 
niidsununer.  but  often  in  the  s|)ringand  early  summer  months  the  flow 
of  the  river  is  not  suiticient  to  supply  one-half  the  amount  of  water 
required;  tiien»fore  from  the  inception  of  the  project  storage  reservoirs 
were  consid«»rc»d  n(»c<»ssary  and  were  providini  for  in  the  plans  of  the 
svst<»ni.  S(»venil  sites  w(»re  seUn'ted  and  survevs  and  estimates  made, 
but  up  to  the  present  time  it  has  been  found  necest^ary  to  construct 
but  two.  These  are  Lakt»  Avalon,  known  as  the  distributing  reservoir, 
and  Ijake  McMiUan,  tlie  stora^^e  reservoir  (IM.  XXVIII).  The  general 
plan  of  constrmrtion  is  the  same  in  botii.  In  each  case  the  rem^rvoir  is 
fornunl  bv  a  dam  dircM-tlv  across  the  Pecos  River.  Nature  had  done 
much  toward  makinjr  tht^se  reservoirs  jK^ssibh*.  In  each  case  the  lime- 
stone bhiffs  a])|)roach  the  river  on  (>ach  side,  making  it  only  necessary 
to  connect  tiie  two  with  a  stron^r  embankment.  In  the  cn^e  of  Lake 
Avalon  it  recjuired  an  embankment  l.!M)  feet  m  length,  maximum 
heigiit  50  feet;  at  McMillan  an  embankment  1.086  feet  long,  andmaxi- 
nnun  heij^ht  iy'2  feet.  In  each  case  the  dam  is  constructed  of  a  wall  of 
loose  rock,  sIojh's  1.5  liorizontal  to  1  veiiical  on  the  downstream  side 
and  a  dry-laid  wall  on  the  upstream  side,  slojx'  one-half  horizontal  to 
1  vertical,  with  a  crown  of  ♦»  fret  at  McMillan  and  10  feet  at  Avalon. 
In  front  of  this  is  an  apron  of  earth,  crown  14  feet  at  McMillan  and 
10  feet  at  Avalon.  and  sl<)j)e  :^.5  horizontal  to  1  vertical.  The  earth 
was  laid  in  layers  of  about  :*  feet  in  thickness  and  was  kept  moistened 
with  pump  aiul  hose.  On  the  face  of  the  earth  is  IS  inches  of  roi*k, 
laid  by  hand  and  sled^^ed  tirmly.  That  iM)rtion  of  the  slope  that  in 
und(M' the  water  all  or  a  part  of  the  time  has  tiattened  out  and  now 
slopes  about  5  horizontal  to  1  vertical.  The  ri])rap  followed  the  change 
of  slop(»  without  a  break,  and  now  th(»  dams  have  reached  a  point  of 
^reat  stability,  and  will  undoubt(»(ily  iM'come  stronger  each  year. 

Lake  McMillan  when  full  submer<res  S,:VM  acres  and  has  a  capacity 
of  sojMM)  acre-f(»et.  In  ordt'r  to  brinjr  it  uptothisnipuuty  anembank- 
nuMit  5,:>(K>  feet  in  length,  maximum  height  18.S  feet,  was  constructed 
across  a  low  piece  of  ground  to  the  west  of  the  main  dam.  The  reser- 
voir is  j)rovided  with  an  outlet  canal  on  the  east  side  2,000  feet  in 
length,  cut  through  the  solid  rock,  and  leading  back  into  the  river  at 
a  ix)int  about  I5(M)  feet  Im»Iow  the  dam.  Tin*  water  is  regulated  through 
this  canal  by  means  of  wcmhIcii  gate>  mised  by  iron  screws,  opening 
through  bulkheads.  These  gat*»s  are  six  in  ihuuImm*,  H  feet  high  and 
4  feet  wide,  with  the  o\Hn\\\\\»s  \\  UhA  \\\  V\\v>  viV-ecc,  k  n^illway  was 
made  between  the  east  eud  oi  VW  vVww  wwO^  v^>v\\\&V  ^\ffi\,  '^^ti^ 


Plate  XXVII. 




'  7     J 

,_ 

1 

1 

J 

f"       P 

nuv 

V.     J. 

BHOWINO  LOCATION 

. 

■      _J 

#  ■  \ 

iC'^-1 

' — sr=i — 

-* 

|;^- 

1                                    1 

/  ]l 

Sv' 

_j  .]?; 

, 

V  wMji   ^yr 

"i'tk.l 

^5''"; 

,r,*   ^ 

. 

IE  J- JJ^. 

r-     ^ 

i    Tts 

^^ 

xip 

^\±.   _ 

+- 

-f 

+- 

JMst  ' 

F 

; 

1    -^P" 

J^\  J, 

i\_    1- 

1  K 1 

jT 

,  p"  (i  ,.>r|  _ 

.jAdL\ 

iS? 

z        ^  1 

ft  H»j.Hw 

&|R 

T^fcL 

FM'  ^i 

J,        .    S^ 

1 W^     b 

1           ■  -  1/ 

_.^_ 

-  -'b^ 

TTT^ 

^5** 

, 

'  #  ■' 

J'vL  V 

4,     (T    J 

j.fl^ 

1  1,  ^ 

J^L 

Bit- J 

Sprfc 

lij^  "~ 

5g 

^5^ 

±i 

i£lL 

m 


\< 


1 


USE   OF  WATEB  IN  NEW  MEXICO.  87 

from  this  spillway  returned  to  the  river  bed  at  a  point  very  close  to 
the  slope  of  the  dam.  As  this  was  considered  a  danger  to  the  con- 
struction, the  spillway  was  abandoned  and  blocked.  The  spillway 
that  is  used  is  an  opening  about  400  feet  wide  through  the  embankment 
before  mentioned,  and  about  1  mile  west  of  the  dam.  The  water  from 
the  spillway  follows  a  shallow  arroj'o  (ravine),  and  is  returned  to  the 
river  about  2  miles  below  the  dam.  The  water  began  cutting  back  at 
the  discharge  end,  and  has  continued  toward  the  reservoir  until  now 
it  is  within  1,100  feet  of  the  reservoir  proper.  Owing  to  there  being 
less  water  in  the  Pecos,  and  therefore  only  two  days  of  spill  during 
the  present  year,  there  has  been  no  further  erosion  in  that  time.  At 
this  point  protective  works  must  be  installed  soon,  or  the  water  will 
cut  back  into  the  reservoir  and  lessen  the  storage  capacity.  There  is 
probably  little  danger  here  of  a  great  disaster,  as  the  natural  slope  of 
the  reservoir  bottom  toward  the  center  is  but  slight,  and  more  than  a 
mile  would  have  to  be  cut  back  before  the  channel  would  reach  deep 
water. 

Lake  Avalon,  the  distributing  resei'voir,  submerges  1,980  acres,  and 
has  a  storage  capacity  of  6,300  acre-feet.  The  construction  of  the  dam 
has  already  l>een  described.  There  are  three  spillways  from  the  res- 
ervoir proper  and  one  in  the  canal  just  below  the  outlet  gates.  Spill- 
way No.  1  is  situated  between  the  headgate  in  the  canal  and  the  dam 
proper.  There  are  31  gates,  5  feet  in  width,  which  can  be  used  after 
the  water  reaches  the  height  of  12  feet  4  inches  on  the  headgates.  The 
gates  to  this  spillway  are  on  hinges  and  are  secured  by  a  latch  when 
closed.  A  blow  from  a  hammer  will  release  the  latches  and  allow  the 
gates  to  open.  One  man  can  open  all  the  gates  in  less  than  five  min- 
utes. The  water  pours  over  solid  rock  ledges  and  no  signs  of  wearing 
away  are  visible.  Spillway  No.  2  is  just  beyond  the  west  end  of  the 
dam.  It  is  an  open  cut  through  solid  rock  250  feet  in  width,  and 
delivers  the  water  back  to  the  river  about  600  feet  below  the  dam. 
The  rock  is  limestone,  with  occasional  streaks  of  soft  material  toward 
the  lower  end  that  show  some  erosion,  but  it  will  be  manv  vears  at 
the  present  rate  of  wear  before  any  protection  work  will  be  required. 
Spillway  No.  3  is  still  farther  west  one-half  mile.  It  is  in  the  same 
kind  of  material,  and  is  400  feet  in  width.  The  water  from  this  spill- 
way follows  an  arroyo  and  enters  the  river  at  the  same  point  as  that 
from  Spillway  No.  2. 

Spillwa}^  No.  1,  and  100  feet  of  No.  2,  were  constructed  at  the  same 
time  as  the  dam  in  1889.  These  proved  insufficient  for  the  floods  of 
1893,  when  the  estimated  flow  of  the  Pecos  was  41,000  cubic  feet  per 
second,  and  the  dam  was  destroyed.  The  reconstruction  of  the  dam 
was  immediately  undertaken,  and  the  additional  spillway  was  con- 
structed at  this  time.  Since  that  time  no  trouble  has  been  experienced 
in  passing  the  flood  waters. 

The  spillway  in  the  main  southern  canal  is  below  the  head^te& 
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]i}M)iit  2<N)  fiM't.  It  is  a  iii}UM)nry  wall,  sot  on  Holid  rock,  with  top  of 
wall  just  Ih'Iow  tho  lovel  of  the  canal  ^mdo.  On  the  top  of  the  wall  it 
is  arniii^til  for  slash  lM)ards.  When  thcHlanh  boards  are  out  a  stream 
of  water  70  feot  in  width  and  4  feet  in  depth  ean  be  returned  over  the 
spillway  directly  into  the  river.  This  Hpiilway  is  a  precaution  againrt 
damage  from  waters  coming  down  some  small  arroyos  near  the  head 
of  the  (*anal,  hut  ran  he  used  in  connection  with  the  headgates  of  the 
canal  in  imssinjr  flo<Mi  waters  of  the  river. 


The  <*anal  when  it  tirst  leaves  the  res«>rvoir  has  a  bottom  widArf ml 
feet,  a  side  s1o|H'  of  1  vertical  to  1.5  horizontal,  with  a  berm  of  iff 
hetwe<*n  excavation  and  enilmnkment  and  8  feet  between 
«  and  to])  o{  eni)>anknient.     The  canal  has  a  fall  of  18  inches  to  AijMf 

I  feet.     It  has  ))ut  one  hank,  the  ui)per  side  being  left  open  for^tfv 

avowed  purpose  of  receivinj^  storm   waters  without  damage  to-tta 
embankments.     ()|mmi  spillways  are  put  in  the  lower  embankmaafrll 
intervals,  for  the  purpose  of  dis|K)sin^  of  the  surplus  water. 
rience  has  taught  that  the  single  hank  is  not  Ix^st  adapted  to  the 
and  climate.     Remarks  u|K)n   s4u*]>a(ro  and  e^-aporation    will   appev 
later  in  this  rei)ort,  in  ex])lanation  of  the  alK>ve  statement. 
.  The  canal  divides  at  '^  miles,  one  hranch  continuing  on  the  east  side 

of  tlie  river  and  waterin^^  the  suhurlnm  pro]x^rty,  La  Huerta  and 
Ha^erman  Heights.  This  hninch  has  a  lH>ttom  width  of  20  feet 
The  other  l)nuich,  :iti  feet  in  widtlu  crosses  the  river  and  serves  the 
west  side,  waterinj^  th(»  jjfreat<»r  jMirt  of  the  land  now  undor  cultivation. 
The  river  is  crossed  by  means  of  a  wcxKlen  flume  528  feet  in  length 
and  1^5  feet  wide  in  the  clear  (PI.  XXIX).  This  flume  has  been  a  source 
of  much  trouble.  It  has  broken  three  times  and  mused  a  larfpe  expen- 
diture of  money  as  well  as  dama^^e  to  ^^rowin^  crops.  Its  construc- 
ticm  is  sim])ly  a  wooden  tn>u(^h  carried  on  fnuned  l>ents.  The  river 
lK)tt()m  is  solid  rock  and  the  bent  sills  an^  bolted  to  the  rock.  At  the 
ends  of  the  Hume  the  bents  now  rest  on  piles,  hut  up  to  a  year  ago 
.  they  rested  on  mudsills  with  small  cross  pieces  for  additional  support, 

;  \  and  as  the  l)ank  is  almost  ])ure  sand  at  both  approaches  there 


always  trouble.  I^)th  floor  and  sides  of  \\w  flume  are  double,  but 
there  is  no  means  of  adjustin^^  for  expansion  or  shrinkage,  leaks 
frequent  and  numerous,  and  mu<*h  calking  is  needed.  The  action  of 
water  u{)on  iron  is  so  ^n*at  that  nails  Inn'ome  u.seless  and  renailin^.of 
the  fUH)rin^  and  the  sides  below  the  water  level  is  necessary  about 
once  in  two  yc^irs.  The  flume  was  built  ten  years  ago  and  has  ailioe 
been  nearly  all  replaced,  a  portion  at  a  time. 

Fnmi   the   flume   to    Dark  Canyon,  altout   3   miles,  the    matttW 

through  which  the  tninal  {)iisses  is  sandy  loam  and  lime  rock.     There 

is  some  loss  here  duo  to  sw\mvj,o/\\\\\Wv\Vv-d  \nv:  wddltional  water  i 

of  the  «i)rings  aVowg  l\\e  vwev  ww^Wnn  swVwxwVAVwA  \\!w>^fck^ 


S.  □•PI.  e<  Jkfr..  BltI.  K.  Oti-ee  of  Ei 
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of  the  town  of  Carlsbad.  The  bottom  of  Dark  Canyon  where  the  canal 
crosses  is  a  mass  of  coarse  gravel  and  round  bowlders.  The  crossing 
is  made  by  an  embankment  on  the  lower  side  of  the  canal  line  pro- 
vided with  timber  spillways  so  arranged  that  the  flood  waters  of  the 
canyon  will  pass  over  without  damage.  A  bulkhead  in  the  canal  at  the 
lower  side  of  the  canyon  prevents  tlie  floods  from  overloading  the 
canal  below  this  point.  There  is  considerable  loss  at  this  ix)int.  A 
large  area  is  submerged  by  the  backwater  of  the  canal,  and  much  water 
finds  its  way  under  the  embankment  through  the  gmvel.  At  times, 
when  the  canal  is  worrying  the  most  water,  as  much  as  5  cubic  feet  per 
second  is  flowing  on  the  surface  in  the  canyon  IkjIow  the  crossing,  and 
undoubtedly  a  much  larger  quantity  is  flowing  through  the  gravel. 

From  Dark  CanA^on  for  a  distancre  of  about  20  miles  the  soil  through 
which  the  canal  passes  is  mostly  clay  loam,  and  no  large  amount  of 
water  is  lost  by  seepage.  At  the  end  of  this  distance  for  a  mile  the 
material  is  mostly  gypsum,  and  the  loss  is  enormoiLs,  mnging  from  20 
to  75  per  cent  of  the  water  flowing  in  the  canal  in  this  distance  of  1 
mile.  Much  labor  and  expense  have  been  incurred  in  various  ways  for 
overcoming  this  diflBculty.  Sh(M»t  piling,  refilling  trenches,  and  lining 
portions  of  the  canal  with  good  material  have  given  only  temporary 
relief.  The  most  economical  way  of  overcoming  this  diflSculty  would 
be  to  change  the  location  of  the  canal.  This  would  throw  out  some 
land  now  subject  to  irrigation,  but  it  would  1x5  much  better  to  do  this 
than  to  give  poor  service  to  all  lands  }>elow  this  point. 

Three  miles  belo^v  this  place  the  canal  crosses  Black  River,  and 
previous  to  this  year  the  crossing  was  made  by  means  of  a  flume  of 
similar  construction  to  the  one  crossing  the  Pecos.  During  the  season 
of  1898  this  flume  gave  troubl(\  and  it  was  evident  that  it  had  about 
served  its  usefulness.  The  bents  rested  on  nmdsills,  and  the  heavy 
leakage  through  the  decaying  timber  and  joints  made  a  disaster  prob- 
able at  any  time.  To  avoid  this  difficulty  a  low  masonry  dam,  length 
70  feet,  height  4  feet,  was  constructed  one-half  mile  farther  down  the 
stream,  and  from  this  dam  a  new  canal  3  miles  in  length  was  con- 
structed, intercepting  the  already  constructed  laterals.  The  water  is 
now  dropped  into  the  river  at  the  point  where  the  flume  formerly 
crossed  and  is  again  taken  out  at  the  dam  by  the  new  canal.  By  this 
means  9  cubic  feet  per  second  of  water  are  obtained  from  the  Black 
River  during  the  irrigating  season.  The  remainder  of  the  flow  of 
Black  River  is  appropriated  ]>y  private  parties  farther  upstream.  By 
the  abandoning  of  the  flume  some  land  was  thrown  out  of  the  irriga- 
tion district,  but  this  seems  economical  wh(»n  taking  into  consideration 
the  better  service  rendered  to  the  other  lands.  While  the  canal  was 
built  for  some  10  miles  south  of  Black  Rivor,  it  has  never  been  used 
for  irrigation  purposes  and  might  as  well  be  al)andoned  for  several 
years  to  come,  there  Inking  plenty  of  land  north  of  Black  Rw^jt  ta 
nmke  a  most  prosperous  section  \v\\eu  \\\\  \s  \\\  wXWn^slXaotv, 
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In  the  earlier  days  th(.^  iimiiagoiiieiit,  without  consultation  with  the 
engineer,  sold  water  rights  on  land  that  was  too  high  to  bo  irrigated 
from  the  eanal  as  planne<l  and  eonstrueted.  To  deliver  water  to  this 
land  cheeks  wen^  i)laeed  in  the  (^nal,  often  li  feet  in  height  and  at 
intervals  so  close  that  the  canal,  instead  of  having  a  uniform  grade, 
is  for  miles  a  series  of  planes  with  perpendicular  drops  at  di^tanceH 
varying  from  1  to  2  miles.  This  has  proved  to  be  a  great  nuisance. 
It  has  constantly  maintained  the  vvat<'r  at  a  high  level,  even  if  a  small 
amount  of  water  only  is  needed.  Necessarily,  with  the  single  bank, 
a  large  area  was  exposed  to  evaiK)ration  and  seeptige.  The  current  is 
reduced  to  a  minimum,  and  the  ac^iuitic  growth,  which  flourishes  so 
luxuriantly  in  still,  clear  water,  here  }>ecomes  a  great  source  of  trouble, 
necessitating  considerable  expense  in  removing  it,  often  twice  during 
the  irrigating  s(»ason.  It  reduces  the  carrying  capacity  of  the  camd 
at  least  75  p(»r  cent,  and  thus  when  tiu»  demand  for  water  was  greatest 
it  was  almost  impossible  to  g<*t  tin*  re^juired  amount  of  >vator  through 
the  canal  to  the  consumers.  Arrangements  have  now  l>een  made  upon 
a  satisfactory  basis  with  the  owners  of  this  high  land  to  aljandon  the 
use  of  water  ui)on  it,  and  the  checks  will  he  removed  during  this  com- 
ing winter.  When  these  checks  are  removed  and  the  location  of  the 
cunal  changed  so  as  to  avoid  the  gypsum,  the  operation  of  the  canal 
will  be  much  more  satisfactorv. 

LATERALS. 

The  topography  of  the  country  is  such  that  the  majority  of  the 
main  laterals  are  run  on  section  or  sulxlivision  lines,  taking  the  natunil 
slope  of  the  surface  as  their  grade  lines.  In  a  f(»w  instances  drops  of 
either  lumber  or  rock  have  b(M»n  put  in  to  i)revent  erosion  where  the 
grade  was  too  heavy.  A  few  laterals  with  supported  grade  have  been 
run,  using  a  fall  of  from  2  to  .*>  fcM't  i)er  mile.  In  nearly  all  cases  the 
flow  through  th(;  latenils  is  satisfactory. 

TII?:   HALK   AM)    DLSTKIHirTION    OF   WATER  T()   IURIGATOR8. 

I^»fore  enU^ring  on  a  history  of  th<^  measurements  of  water  used  it 
is  n<»cessarv  to  describe  the  terms  and  conditions  under  which  the 
canal  company  supplies  it  to  fanners.  Tliere  are  sevenil  forms  of 
contract  in  ust*.  depending  on  whether  the  water  right  is  paid  for  in 
cash  or  in  a  series  of  payments.  Only  the  essential  features  token 
from  a  cojn'  of  th(i  cash  form  are  given: 

l)ri'(l  nn<f  t'untrnrt  A'o. 

Thin  indenture  and  agre<?ment  witncHsc-tli  that  thr  firwt  party  ha«  bargained,  sold, 
asHipUHl,  ^rantt?<l,  and  t'<inveyr(i,  ami  licn'ljy  docs  Ijui-j^ain,  wll,  aHHif^n,  f?rant,  and 
cunvoy,  unto  the  wiid  Hit-und  party,  as  a  nu'inher  of  tlie  **irripition  *'  clais  of  con- 
suniiTH  undiT  wiid  lirnt  party*H  water  rijrhts  in  said  canal  as  lu-ri'inafter  limited  and 
defined,  to  be  used  in  aceordanre  with  and  subje<'t  to  tlie  conditione,  limitationB, 
rules,  and  n'^ulations  hereinafter  laid  down  and  to  Ikj  hen*after  OHtabliflbed. 

The  sjtid  water  rights  are  and  each  one  tlicrcof  i^  hereby  a]>)>li(Kl  and  attached  to^ 
and  is  to  Ikj iukhI  in coumH'Unu vi\U\,UvevH'rUiin  tra<'t  or  pan.vl t»f  land  the 
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of  which  is  set  opposite  the  number  of  such  water  right,  as  follows,  to  wit:    ♦    »    * 

all  of  which  real  estate  is  situate  in  the  county  of ,  Territory  of  New  Mexico; 

the  intention  of  the  above  conveyance  being  that  each  of  said  water  rights  shall  be 
and  remain  a  right  to  receive  and  use  during  each  year,  from  said  canal  upon  the 
land  named  in  connection  therewith,  the  amount  of  water  hereinafter  specified,  and 
that  each  of  said  water  rights  shall  be  and  remain,  so  long  as  the  conditions  herein 
reserved  are  complied  with,  a  right  incident  and  appurtenant  to  said  land  so  named 
in  connection  therewith,  and  that  the  whole  of  each  water  right  shall  always 
remain  attaohe<l  to  the  whole  of  said  land  mentioned  in  connection  therewith  and 
not  be  divisible  so  as  to  convey  any  right  as  against  the  first  party  to  a  part  purchaser 
thereof. 

Promded^  Iwwever,  and  this  grant  and  contract  is  made  upon  the  express  condition 
and  agreement,  That  the  said  second  party,  or  the  legal  representatives  thereof,  shall 
and  will  (in  event  the  same  now  remains  undone)  truly  and  in  good  faith,  comply 
with  all  laws  and  regulations  of  the  United  States  governing  the  entry  and  lawful 
acquirement  of  all  said  land  above  described,  and  duly  make  and  perfect  final  proof 
of  said  compliance  and  acquire  full  right  thereto;  and  it  is  herein  and  hereby  expressly 
reserved  by  the  first  party,  that  in  case  the  foregoing  condition  and  agreement  with 
reference  to  a  compliance  with  said  United  States  law^s  and  regulations  be  broken  by 
the  second  party,  or  legal  representative,  then  this  deed  shall  be<;ome  null  and  void, 
and  all  the  rights,  title,  and  claim  of  the  second  party  in  and  to  the  water  mghts 
hereby  conveyed  shall  revert  to  the  first  party,  it«  successors  or  assigns:  And  prclSjoled, 
alsOf  That  no  assignment,  conveyance,  or  sale  of  said  water  rights,  or  either  thereof, 
or  any  part  of  any  such  rights  or  any  part  of  any  tract  covered  by  any  such  right, 
except  in  connection  with  the  sale  and  transfer  of  the  whole  of  the  real  estate  to 
whii!h  said  particular  water  right  applies,  shall  convey  any  separate  right  to  the  pur- 
chaser thereof  as  against  the  first  party,  and  that  no  assignment,  conveyance,  or  sale 
of  the  whole  of  any  tract  of  land  covered  by  a  water  right  shall  convey  any  right  to 
receive  and  use  water  therefrom,  or  be  binding  hereunder  against  the  first  party, 
until  the  same  shall  have  been  executed  in  writing,  and  duly  acknowledged  and  pre- 
sented for  inspection  to  the  first  party,  at  its  office  at ,  New  Mexico,  and  all 

amounts  due  thereupon,  hereunder,  be  paid. 

And  the  first  party  hereby  contracts  and  agrees,  to  and  with  the  second  party,  that 
it  will  permanently  maintain  the  said  canal  and  the  flow  of  water  therethrough, 
and  that  it  has  not  sold,  and  will  not  sell,  water  rights  in  the  same  in  excess  of  the 
carrying  capacity  thereof. 

The  amount  of  water  which  the  first  party  shall  deliver  and  the  second  party  shall 
be  entitled  to  receive  under  each  of  said  water  rights  is,  and  shall  be,  43,560  cubic 
feet  per  annum  for  each  acre  of  land  covered  thereby,  to  be  delivered  at  such  times 
and  in  such  quantities  as  may  be  necessary  for  the  production  of  good  average  crops, 
as  near  the  times  required  by  the  second  party  as  the  first  ])arty  may  reasonably  be 
able,  after  notice  of  the  re(]uirement  as  to  time  and  amount  of  delivery  having  been 
given  the  first  party  a  reasonable  length  of  time  in  advance,  or  so  much  of  said 
amount  of  water  per  acre  as  may  be  necessary  for  the  j)roduction  of  goml  average 
crops,  under  skillful  irrigation,  said  water  to  be  measureil  by  the  method  i)rescribed 
by  the  first  party;  and  the  right  to  receive  said  water  being,  in  addition  to  the  con- 
ditions hereinbefore  mentioned,  under  and  subject  to  the  following  conditions  and 
agreements: 

( 1 )  That  the  second  party,  and  the  heirs,  assigns,  and  successors  thereof  in  the 
ownership  of  said  land,  shall  pay  to  the  first  party,  for  each  year,  as  compensation  for 

the  furnishing  of  water  for  irrigating  purposes  above  mentioned,  the  sum  of 

tlollars  for  each  acre  of  the  above-described  land  embraced  in  a  water  right,  said 

amount  to  be  paid  at  the  office  of  the  first  party  at ,  New  Mexico,  in  two  equal 

payments,  one-half  on  or  before  the  Ist  day  of  June  and  one-half  on  or  \sfti<5Jt5i^^35^Rk^sft^ 
day  of  December  subsequent  thereto,  in  thia  and  eacXv  wv.^'Cft«^\xv^^^«t'»vft.'^$sN«sv<:fc< 
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(2)  Said  wau^r  nhall  U*  uiied  only  to  irrigaU^  the  lands  above  described  and  for 
doiiu^Htic  |>iirjN>»H*H,  and  Ht(H'k  kopt  thoivon,  and  under  no  cucuuiBtaiioee  shall  the 
Haiiif,  or  any  |>art  thcnntf,  Ih>  imnI  for  mining,  milling;,  or  mechanical  power,  or  any 
other  ]>ur])OHc  not  diri*<'tly  conuiM'ted  with,  or  in<*idcntal  to.  the  piirpoees  fint  herain 

nientioniHl. 

('.\)  Th(>  tirnt  i»arty  nhall  not  U'  riMiuirtKl  to  fumiMh  a  greater  amount  of  water 
liiniti'd  to  cat'li  water  ri^ht  aU>v(*  Htatinl  than  may  W  reaw>nably  neccoMuy  for  the 
l>nMlu('tion  of  pHMl  avcra^'  (•roj>H  under  nkillfnl  irri^tion  and  cultivation,  and  the 
oth<?r  UH<»H  alKive  alloW(»rl. 

(4)  Tlie  R><'on<l  party  nhall  not  jK*nnit  naid  water  to  Ixt  furnished  aa  aforesaid  to 
run  to  waste,  hut  an  tanm  an  a  HuHuut^nt  quantity  nliall  have  been  uised,  for  the  time 
Ikmu^',  for  tlie  pur|N)H4's  heri'in  allow(><l,  nliaU,  in  Hueh  manner  as  the  first  party  may 
pn*H('riU',  notify  said  tirnt  fuirty  that  the  naid  water  may  l)e  shut  off. 

(5)  The  Kaid  water  nhall  U'  delivere<i  )iy  tlie  firnt  |Nirty  into  a  lateral  ditch  or 
Hu)>Hidiary  irannl  provided  hy  tlie  H(*<*<»nd  i>arty  and  connected  with  the  sud  main 
(!anal,  or  with  a  lateral  or  .^ul)Hidiary  eanal  of  th(>  tirnt  )>arty;  and  the  manner  of 
delivcrinvr,  meai^urin^',  and  n^nlatin>r  thr  supply  of  water  to  the  neeond  party  shall 
In*  pn'M'rilMHl  hy  the  first  jmrty  and  at  all  tiriien  under  its  rontrol;  and  if  the  second 
party  nhall  in  any  inaniu>r  change.  oiK>n.  or  .-hut  any  measuring  Ik)x,  or  hy  any  means 
inerc^ase  or  diminish  the  ajHTtun'  then'of,  without  th«'  consent  of  the  firvt  party;  or, 
in  esK*  the  se<'orid  party  shall  use  a  supply  of  watiTforanyttt her  lands,  orshall  allow 
any  jH'rson  tous<»it,  except  for  thr  iMiriH)«<4's  hcn'iu  allowcKi,  up<»n  thealM>ve-de0cribcd 
]>n'mises,  or  shall  in  any  way  wliatevcT  takr  watiT  fnan  any  ditch,  canal,  lateral,  or 
Muhhitenil  supi>lied  witli  water  hy  tin*  first  piirty,  ex<vi)t  as  deHvore<l  by  the  first 
|)arty,  then  the  s4*cond  party  shall,  at  the  option  of  the  )N)anl  of  dinHrtora  of  the  flnft 
party,  forfeit  all  rijjlit  to  n'r«'ivr  watrr  from  the  first  party  for  the  then  current  year, 
and  also  all  moiH>ys  \niu\  as  4■omIN•:l^4atiorl  for  furnishing  water  for  said  year. 

(<i)  It  is  further  a^ntnl  that  if,  hy  reason  of  any  canst*,  the  HUpply  of  water  shall 
1n>  insuflicient  to  (ill  and  (low  through  saiil  main  canal  according  to  its  estimated 
ca]>acity,  or  insutticieiit  to  furnish  the  amount  which  all  the  cfinsumers  may  be 
ontitl(Nl  to,  then  the  first  party  shall  have  the  ri^^ht  to  distrihute  Huch  water  as  may 
flow  through  sidd  canal,  pro  rata,  to  all  jN^rsons  entitled  then>to,  and  for  the  purpose 
of  s(»  doin^  may  estahlish  and  enforce  such  ndes  and  re^^uIatiouH  as  it  may  deem 
ncHr4*sKiry  or  ex}MHlicnt:  hut  in  cas4>  of  su<'li  pro  nita  distriluition  creilit  shall  be 
given  th«'  own«*r<»rown«'rsof  tlu'  water  rijrhts  hen'hy  granttNl  at  a  proiKjrtionate  rate  of 
annual  water  n*ntal  inr  \\iv  amount  of  water  less  than  •l."{,r><M>  cu))ic  ft»ot  i>er acne  which 
nmy  have  Ikh'ii  n<'<'<h'd  and  HMpiinMl  hy  the  owner  of  such  water  right  for  purposes 
lierein  reco^nize<i,  hut  which  the  first  party,  on  a<-count  of  such  pro  rata  distribution, 
may  not  hav(>  furnisluMl;  which  cn-dit  shall  I »e  ^iven  u)Hin  tlie  amount  due  as  oom- 
IK'nsjiti<»n  f<»r  furnishing  water  to  the  party  who  is  the  owner  of  the  water  right  upon 
whicli  the  cre<Ht  is  due,  at  the  next  semiannual  period  for  tlu*.  [layment  of  said  com- 
IK'Usation.  And  the  first  party  sludl  have  the  ri;rht  to  turn  the  water  out  of  said 
main  canal,  and  shut  the  water  out  of  the  lateral  and  S4*rvice  ditches,  at  any  time  for 
the  pur]H»se  of  ('leaning  or  n-pairing  said  main  canal,  its  dam  or  roHer\'oir,  or  for 
repairing  or  putting  in  m*w  or  (jtlier  wasti-weirs,  head^'ates,  wasti^gates,  service  gates, 
bridge's,  or  any  of  the  appurtenances  of  siiid  canal,  and  during  the  time  occupied 
therehy  the  rijrht  (»f  the  second  ]»art'y  to  <lenuin«l  an<l  nn^eive  water  hereunder  shall 
1k'  susiH'nch'd. 

(7)  It  is  lu'H'hy  distinctly  un(h»rstood  ami  agreeil  by  and  between  the  parties 
hen-to  that  in  cast*  the  canals  of  said  (irr't  ]>arty  through  which  the  water  rights 
hen'in  granted  are  furnished  water  shall  Ih'  unahle  to  carry  and  distribute  a  volume 
of  water  equal  to  their  est  imatt^l  capacity,  either  from  casual,  unfon^neen.  or  unavoid- 
able ai'cident,  or  the  act  (»f  (rod,  or  if  the  volume  «)f  water  jiroves  insufficient  from 
Jrongiif,  <»r  from  any  oWier  caw»*vj>K'\vmv\  xVw  waAtvA^nI  wiidlirnt  [wrty,  the  fint  party 
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shall  not  be  liable  iu  any  way  for  the  shortneae  or  insufficiency  of  supply  occasioned 
by  any  of  said  causes. 

(8)  And  the  second  party  agrees,  in  consideration  aforesaid,  to  waive,  and  hereby 
does  waive,  any  and  all  claims  for  loss  or  damage  by  reason  of  any  leakage,  seepage, 
or  overflow  from  any  canal  or  ditches,  or  from  any  reserxoirn,  lakes,  or  laterals  of  the 
first  party,  either  upon  the  land  aforesaid  or  any  other  tract  belonging  to  said  party, 
anything  in  any  statute,  law,  or  custom  to  the  contrary  notwithstanding. 

(9)  The  second  party  shall  cont^tnict  and  maintain  in  good  order  and  repair  a  ditch 
upon  said  land,  of  such  size  and  grade  and  at  such  point  and  location  as  shall  be 
prescribed  by  the  first  party,  to  catch  and  conduct  to  some  main  lateral  ditch  of  the 
first  party  all  waste  water  fiowing  upon  said  tract  of  land. 

The  regular  field  force  of  this  system  during  the  irrigating  season 
consists  of  a  watchman  at  each  resei-voir  whose  duty  it  is  to  keep  rec- 
ords of  the  height  of  water  in  the  reservoir,  the  amount  discharged 
through  the  canals  and  spillways,  note  condition  of  the  works  and  keep 
everything  in  order,  and  regulate  the  flow  into  the  canal  as  directed 
from  the  engineer's  office;  and  four  ditch  riders,  each  in  charge  of  a 
certain  portion  of  the  main  canal  and  the  laterals  from  it.  Their  duties 
are  to  deliver  the  water  to  the  consumers  and  keep  a  record  of  all  such 
deliveries.  For  this  purpose  they  are  provided  with  a  book  of  slips, 
two  to  the  page,  one  detachable.  At  the  end  of  each  delivery  the  two 
slips  are  filled  out  in  duplicate,  one  detached  and  sent  to  the  engi- 
neer's office,  the  other  remaining  as  a  stub  in  the  book  and  sent  in 
when  the  book  is  filled.     The  following  is  a  copy  of  this  slip: 

Pecos  Irrigaiion  and  Improvement  Company. 

Department  of  chief  engineer.     Re<.;ord  of  water  delivery. 

Division  No.,  ,  .     Name  of  owner,  ,  .    Water  right  No., 

.    Weir, .     Width, .    Depth,  .     Date,  ,  from  ,  — .  m.  to 

— .  m.     Time  in  hours, .     Acres  irrigated, .    Variety  of  crops. 


Method  of  irrigation, .    Nature  of  soil, .     Condition  of  owner's  laterals, 

.     Remarks,  .    Total,  acre-feet, . 

The  measurements  are  made  over  weirs,  and  are  not  absolutely  accu- 
rate, as  at  present  there  are  no  automatic  registers  for  determining 
the  head.  But  as  the  whole  system  is  connected  by  telephone,  and  all 
water  is  drawn  from  or  returned  to  the  canal  under  instructions  from 
the  engineer's  office,  the  heads  can  be  kept  very  uniform,  except  the 
variation  due  to  evaporation,  and  as  the  measurements  are  taken  twice 
daily,  the  results  are  at  least  approximate,  and  will  certainly  be  of 
great  aid  in  deteimining  the  duty  of  water. 

This  is  the  third  season  that  any  attempt  has  been  made  here  to 
determine  the  amount  of  water  actually  used,  and  while  it  is  known 
that  the  results  are  not  absolutely  accurate  they  give  a  comparative 
record,  and,  when  the  necessity  of  selling  water  by  measurement 
l>ecomes  as  apparent  to  both  the  seller  and  the  consumer  as  it  is  to 
many  engineers,  methods  of  accurate  measurement  will  be  adopted, 
although  involving  considerable  expense. 
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INVESTIGATIOKS  IK   1890. 

Tho  uUmlatod  ro«ults  of  the  season's  work  up  to  October  1  are  divided 
into  four  ]mrt>t,  oach  roprosenting  a  divinion,  an  shown  on  the  map 
(PI.  XXVII,  p.  80).     These  divisions  vary  much  as  to  soil,  subsoil, etc. 

DIVISION   NO.  1. 

The  soil  of  division  No.  1  is  nearly  all  pure  sand.  The  only  natural 
growth  })efore  irrijifution  was  mes(|uite  and  cat  claw — no  grass  or  weeds. 
The  soil  varies  in  depth,  but  in  nearly  all  instances  has  a  porous  sub- 
soil, and  while  this  division  has  had  the  most  water  per  acre  of  the 
whole  system,  there  is  hardly  a  sign  of  water-logged  land  in  it.  For 
th<»  division  the  average  duty  is  about  (^.f)  acTe-feet  per  acre.  Such  an 
amount  with  heavier  land  and  less  natural  drainage  would  er^ite  a 
marsh.  That  this  (juantity  of  water  is  not  needeil  can  Im  easily  imder- 
sto<Kl  from  this  vear's  record,  for  those  who  have  used  the  least  water 
have  obtained  e(|ually  as  good  crops  as  others  who  have  used  enormous 
quiintiti(\s.  A  great  drawback  to  the  economical  use  of  water  in  this 
division  is  the  large  num})er  of  users  who  farm  more  jis  a  pastime  than 
as  H  means  of  making  a  living.  For  instiuice,  sixt<Mm  of  those  whose 
names  are  on  the  list  as  users  have  other  business  })esides farming,  and 
give  no  studv  to  the  matter.     Kverv  time  the  surface  looks  a  little  drv 

c^  •  ft  ft- 

they  demand  waU'r.  never  thinking  that  {H»rhaps  cultivation  would  do 
more  good.  Thus  t\w  water  is  wasted  and  the  land  injunHl,  and  such 
will  continue  to  br  the  msv  until  ev(»rvone  jwiys  for  every  drop  of 
water  he  g(*ts.  In  this  way  th(»  waste  of  water,  land,  and  labor  (!an  be 
curtailed. 

The  <*rop  yield  is  nmch  less  than  in  the  other  divisions.  This  is  par- 
tially due*  to  the  soil,  Imt  more  to  the  ImkI  farming,  which  includes  lack 
of  careful  cultivation  and  a  reckless,  wasteful  handling  of  the  water. 
A  sp(H*ial  instance  is  that  of  the*  farm  on  which  one  of  the  Department 
registers  was  used.  The  owner  does  not  farm.  It  is  a  l)eautiful  place; 
thousands  of  trees  grow  along  the  ditches  and  driv(\s.  Water  running 
in  thr  ditches  adds  beauty  to  the  scene;  therefore  water  is  always  in 
them.  Th(»  cultivation  is  mostlv<lon(»  bv  Mexicans  and  after  Mexican 
fashion.  The  land  is  leased  to  them,  so  tlu^v  are  their  own  bosses. 
Cultivation  is  gen(»rally  omitted,  and  pouring  on  large  amounts  of 
water  su))stituted.  It  is  also  thought  i)y  those  in  <*harge  that  trees 
must  have  a  constant  stn^am  of  water  at  their  roots,  yet  there  are 
several  trees  living,  proba})ly  not  growing  rapidly,  not  far  from  this 
land,  on  the  same  kind  of  soil,  which  have  not  been  irrigated  in  two 
years.  A  large  portion  of  the  water  used  on  this  place  during  the 
season  just  past  can  ])e  charged  to  maintenance*  of  ])eautiful  driv^es  and 
the  M(»xi<'an  style  of  farming.  This  farm  consists  of  80  acres,  and 
during  the  past  season  was  planted  as  follows.  Alfalfa,  40  acres;  com, 
ir)  acres;  orchard,  20  acres;  trees,  5  acres.     T*  *^ity  *"' 
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used  on  this  land  in  March  and  April,  previous  to  putting  in  the  reg- 
ister, was,  in  March,  62.46  acre-feet;  in  April,  168  acre-feet.  The 
daily  use  of  water  from  May  3  to  November  16  is  given  in  the  following 
table: 

Water  used  xm  farm  of  J,  J.  Hagerman^  near  Carlsbad,  N.  Mex.,  May  S  to  October  SI,  1899, 

[See  diagram  (PI.  V).] 


Day. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

1 

Acre-fed. 

Acre-fed. 
6.0115 
4.1714 
3.3408 
8.5266 
7.7958 
7.5816 
7.5816 
7.0124 
6.7578 
5.8905 
4. 1714 
4.6104 
6.2569 
7.2704 
7.0124 
7.0124 
6.0115 
5.2955 
4.6104 
4.8351 
4.6104 
3.5411 
3.7474 
4.1714 
8.5411 
3.5411 
3. 7474 
4.6104 
4.3890 
5.2955 

Acre-fed, 
5.4131 
4.8351 
4. 1714 
5.0636 
4.3700 
3.6104 
2.3324 
4.7650 
.5795 

Acre-fed. 
7.4464 
7.7522 
8.1080 
7.6754 
6.3846 
5.8306 
5.7298 
5.5712 
5.8740 
6.0986 
5.8706 
5.8100 
5.8100 
5.6900 
5.6701 
5.5706 
5.5808 
5.6640 
5.7108 
5.2956 
5.5808 
5.8908 
5.4132 
5.1991 
5. 1026 
5.0640 
4.4264 
4.3896 
4.5736 
4.5184 
4.3714 

Acre-fed. 
4.2258 
4. 1712 

Acre-fed. 
4.6104 
4.2804 
5.1651 
5.2956 
5.0640 
6.3766 
6.3305 
6.7578 
6. 1616 
2.7755 
4.0524 
3.2257 
3.1404 
2.6371 
2.4798 
3.0682 
4.6236 
5.7696 
6.0124 
6.2568 
6.1140 
5.7898 
5.7099 
5.7696 
5.6502 
5.6502 
5.9812 
6.1548 
6.2160 
6.0782 
5.9113 

Acre-fed. 
b.9087 

2 

..4793 

3 

6.4757 
7.0124 
6.7573 
6.50^ 
5.8150 
6.0115 
5.0636 
4.3890 
4. 1714 
8.9574 
3.1404 
5.5307 
6.0115 
5.7695 
6.0115 
6.0115 
5.5307 
5.5307 
8.6417 

4 

.2706 

5 

7.0539 

6 

6.6102 

7 

6.6102 

8 

6.5062 

9 

6.1864 

10 

3.1092 
4.7036 
.5072 
.2619 
5.0841 
5.0353 
6.5052 
6.6052 
6.7572 
6.7153 
6.6312 
6.6312 
6. 1752 
G.1344 
6.1344 
6.7298 
5.8908 
6.0120 
6.0120 
6.1816 
4.4816 

5.1412 

11 

5.4524 

12 

5.5306 

13 

5.5308 

14 

2.7869 
8.3102 
9.3030 
9.4440 
9.3089 
1.9853 
3.4357 
7.7964 
6.5418 
6.5310 
7.7964 
7.2787 
9.11&4 
9.1620 
8.9756 
8.7444 
8.1898 
6.5484 

5.5306 

15 

1.5888 

16 

17 

18 

19 

20 

21 

22 

23 

1.0241 
7.0124 
6.5056 
6.7573 
5.2955 
5.7000 
8.6067 
7.5316 
6.7578 

24 

25 

26 

27 

28 

29 

30 

31 

Total 

158.5276 

157.8507 

166.3394 

177.0682 

118.5954 

158.0537 

68.2448 

This  gives  a  total  for  the  season  of  1,235.1393  acrre-feet  used  on  80 
acres,  or  a  layer  of  water  15.44  feet  deep  over  the  entire  surface. 

The  small  size  of  the  holdings  in  this  division  also  tends  to  the  use  of 
a  large  quantity  of  water.  It  has  been  the  observation  here  that  the 
man  with  640  acres  of  land  uses  water  with  less  waste  than  the  man 
with  40  acres.  This  is  due  to  the  fact  that  anv  waste  of  water  from 
one  tract  can  ])e  caught  up  in  ditches  and  used  beneficially  on  others 
where  one  man  controls  a  large  number  of  ti'acts.  The  custom  of  run- 
ning small  streams  constantly  to  consumers  for  stock  and  domestic 
puposes  has  caused  much  loss  of  water  and  has  done  a  great  deal  toward 
the  "subbing"  (water  logging)  of  the  land.  In  one  instance  in  particu- 
lar, in  division  No.  2,  where  a  small  stream  of  water  has  been  run  con- 
stantly during  former  years  along  high  ground,  a  small  valley  below 
had  to  be  abandoned  on  account  of  excess  of  water.  This  year  the 
stream  was  run  only  during  actual  irrigation,  and  the  effect  can  be 
plainly  seen  in  the  valley  below  in  the  disappearance  of  the  water  from 
the  surface. 

The  following  table  gives  the  area  imgated  and  the  water  used  dwx- 
ing  the  past  tn  \  ^o.  1: 
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DIVISION   NO.  2. 

In  division  No.  2  the  soil  is  nearly  all  sandy  loam,  and  in  many  instanoed 
is  vorv  shallow.  It  is  underlaid  with  limestone  and  drains  well.  Theiie 
is  some  land  alonj^  the  river  l)ottom  that  has  been  slightly  "subbed," 
but  drainage  by  means  of  open  drains  is  overcoming  this  difficulty. 
Where  the  soil  is  shallow  it  recjuiros  frequent  irrigation,  the  subsoil 
furnishing  a  dniin.  Such  land  will  always  n(M»d  considerable  water, 
but  in  many  instances  this  need  could  bo  materially  lessened  by  proper 
cultivation  and  better  methods  of  irrigation.  Flooding  is  the  method 
of  ii-rigation  practiced  almost  entirely  throughout  the  valley,  and  in 
many  instances  the  '*  lands/'  as  the  areas  irrigated  from  a  single  lateral 
ar<'  called,  are  laid  out  so  broad  and  long  that  great  loss  takes  place 
from  evaporation.  On  the  farm  of  R.  J.  Bolles,  in  this  division,  the 
''  lands"  were  Ti")  feet  wide  and  some  of  them  2,(MK)  feet  in  length.  It  is 
easy  to  imagine  the  great  loss  of  water  from  a  small  stream  spreading 
out  over  an  area  of  nearly  2  acres  of  land,  heated  almost  to  the  burn- 
ing i)oint  by  a  })lazing  summer  sun,  when  evaporation  from  a  body  of 
water  li  f(»et  d(»ep  nm  up  as  high  as  thn»e-fourths  of  an  inch.  In  the 
hot  sunnner  davs  it  t<K)k  a  constant  flow  of  nearlv  2  cubic  feet  of  water 
jx*r  second  twelve  hoiu's  to  cross  one  of  these!  "lands.''  The  present 
manager  of  this  farm  has  cut  som<>!  of  these  areas  into  smaller  tracts, 
and  intends  making  further  im|)r()vements  along  this  line.  The  soil 
natunilly  requires  less  water  than  nuich  hind  elsewhere  in  the  district, 
yet  during  the  season  moi-e  was  us<»d.  The  improvements  now  contem- 
plated l)v  th(^  manager  will  undoubtedly  (*liange  its  plac*.G  from  the  head 
of  the  list  as  a  water  user  to  a  j)osition  near  the  l)ottom. 

This  division  seems  v(»rv  wc^ll  suitcul  to  fruit  culture.  Iteets  did  not 
do  well  in  form<»r  y(»ars,  and  very  few  wcM-e  ])lanted  during  1899.  The 
condition  of  alfalfa  varies;  it  does  well  on  soil  of  g<K>d depth,  but  not 
on  the  shallow  soil.  Indian  <*orn  does  fairlv  well,  but  the  head  corns — 
Kafir,  Egyptian,  and  millo  maiz4» — do  (exceedingly  well. 

The  results  of  the  measurements  in  this  division  for  the  past  season 
are.  given  in  the  following  table: 
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DIVISION   NO.  3. 

Thi«  is  a  division  of  the  greatest  successes  and  worst  failures.  The 
soil  is  a  heavy  clay  loam  and  has  a  greater  depth  than  that  of  divisions 
No.  1  and  No.  2.  It  is  here  that  the  best  alfalfa,  beets,  and  head  corns 
have  been  raised,  while  on  the  other  hand  the  same  crops  have  been 
complete  failures  upon  the  same  land.  The  soil  is  heavy  and  capable 
of  producing  good  crops  under  a  proper  system  of  irrigation,  but 
handled  as  a  great  deal  of  it  has  been  it  becomes  a  marsh.  The  soil 
does  not  drain  naturally,  and  the  large  amounts  of  water  that  have 
been  applied  have  literally  submerged  it  until  now  some  of  it  is  bare 
of  vegetation.  The  general  fall  is  amply  sufficient  for  a  good  system 
of  underdrainage,  and  when  such  drainage  is  provided  and  intelligent 
care  exercised  in  future  applications  of  water  it  will  make  the  most 
productive  section  under  this  system. 

The  area  irrigated  and  the  water  used  in  this  division  is  shown  by 
the  following  table; 
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""lall  not  be  liable  in  any  way  for  the  shortucfls  or  iuHUtiiciency  of  supply  occasioned 
"v  any  of  said  causes. 

(8)  And  the  second  party  agrees,  in  consideration  aforesaid,  to  waive,  and  hereby 
yee  waive,  any  and  all  claims  for  loss  or  damage  by  reason  of  any  leakage,  seejiage, 

*  overflow  from  any  canal  or  ditches,  or  from  any  reser\'oirs,  lakes,  or  laterals  of  the 
*rBt  party,  either  ui)on  the  land  aforesaid  or  any  other  tract  l^elonging  to  said  party, 
-nything  in  any  statute,  law,  or  custom  to  the  contrary  notwithstanding. 

(9)  The  stK.'ond  party  shall  construct  an<l  maintain  in  gtHul  order  and  repair  a  ditch 
4pon  said  land,  of  such  size  and  grade  and  at  t*\u-h  |>oint  and  location  as  shall  \ye 
jroecribe<i  by  the  first  party,  to  catch  and  conduct  to  some  main  lateral  ditch  of  the 
Ant  party  all  waste  water  flowing  upon  said  tract  of  land. 

The  regular  field  force  of  this  system  during  the  irrigating  season 
onsists  of  Ji  wak^hmaii  at  each  reservoir  whose  duty  it  is  to  keep  rec- 
irds  of  the  height  of  water  in  the  reservoir,  the  amount  discharged 
Jirough  the  canals  and  spillways,  note  condition  of  the  works  and  keep 
everything  in  order,  and  regulat<»  the  flow  into  the  canal  as  directed 
^rom  the  engineer's  office;  and  four  ditch  riders,  each  in  charge  of  a 
'^rtain  portion  of  the  main  canal  and  th(»  laterals  from  it.  Their  duties 
ire  to  deliver  the  water  to  the  consumers  and  keep  a  record  of  all  such 
leliveries.  For  this  purpose  they  are  provided  with  a  book  of  slips, 
two  to  the  page,  one  detachable.  At  the  end  of  each  delivery  the  two 
dips  are  filled  out  in  duplicate,  one  detac^hed  and  sent  to  the  engi- 
neer's office,  the  other  remaining  as  a  stub  in  the  book  and  sent  in 
when  the  book  is  filled.     The  following  is  a  copy  of  this  slip: 

Peciti*  Irrigation  ami  Improtement  (.'ompany. 

I^epartment  oi  chief  engineer.     Reconi  of  water  deliver}-. 

Division  No.,  ,  .     Name  of  owner,  ,  .    Water  right  No., 

.    Weir, .     Width, .    Depth,  .     Date,  ,  from ,  — .  m.  to 

— .  m.     Time  in  hours, .     Acres  irrigated, .    Variety  of  cro])s. 


Bifethod  of  irrigation, .     Nature  of  soil, .     Condition  of  owner's  laterals, 

.     Remarks,  .     Total,  acre-feet, . 

The  measurements  are  made  over  weirs,  and  are  not  absolutely  accu- 
rate, as  at  present  there  are  no  automatic  registers  for  determining 
the  head.  But  as  the  whole  s^'stem  is  connected  by  telephone,  and  all 
water  is  drawn  from  or  returned  to  the  canal  under  instructions  from 
the  engineer's  office,  the  heads  can  be  kept  very  uniform,  except  the 
irariation  due  to  evaporation,  and  as  the  measurements  are  taken  twice 
daily,  the  results  are  at  least  approximate,  and  will  certainl}'  be  of 
^reat  aid  in  detennining  the  duty  of  water. 

This  is  the  third  season  that  any  attempt  has  been  made  here  to 
determine  the  amount  of  water  actually  used,  and  while  it  is  known 
that  the  results  are  not  absolutely  accurate  they  give  a  comparative 
record,  and.  when  the  necessity  of  selling  water  by  measurement 
becomes  as  apparent  to  both  the  seller  and  the  consumer  as  it  is  to 
DOiany  engineers,  methods  of  accurate  measurement  will  be  adopted, 
ulthough  involving  considerable  expenjse. 
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(2)  Said  wat4'r  Hhall  1h*  iwlhI  only  to  irrigate  the  l«iicbi  above  deacribed  mod  for 
<loiiu*Htic  JMl^]Ml^^'H,  and  HttM-k  kept  thereon,  and  under  no  dfcimifltanoeB  diAll  the 
HaiiM*,  or  liny  i»art  thcn-of,  1h'  iiHe<l  for  mining,  milling,  or  mechanical  power,  or  may 
other  ]mr]H»M*  not  dins'tly  conniM'te^l  with,  or  incidental  to,  the  purpoaes  flnt  hecein 
nicntiontNl. 

(:<)  Th(*  tiixt  |»arty  nhall  n(»t  U*  re(]uired  to  fumiflh  a  greater  amount  of  water 
liniittNl  to  viu'h  water  ri^ht  alMivc*  ntateil  than  may  lie  ruat»nably  neoesBary  for  the 
pr(Mliirti<»n  of  ^mmI  uwraf^'  rrti\w  under  nkillhil  irrigation  and  oaltivatioii,  and  the 
other  U}*i»H  iilMive  uHowinI. 

(4)  Tlie  MH'ond  party  shall  nf>t  ]K'nnit  naid  water  to  he  furnished  aa  aloreaaid  to 
nm  to  \\iv*Xv,  hilt  iiH  s<N»n  as  a  nufhcient  <piantity  nliall  have  been  used,  for  the  time 
U'in^',  tor  tlie  pnriN»M*y  hen^in  allowe«l.  nliall,  in  Hiieh  manner  at*  the  firat  party  may 
pn'>^*riU>.  notify  said  tirst  {larty  that  the  naid  water  may  beHhutofL 

(5)  The  Haid  water  Hhall  U>  delivere<l  hy  the  (irnt  party  into  a  lateral  ditch  or 
Hultsidiary  eannl  prftvidtnl  )»y  tlie  He<H>nd  fMirty  and  connected  with  the  aaid  main 
canal,  or  with  a  lateral  or  sul>r«idiary  eanal  of  the  flrnt  iwrty;  and  the  manner  of 
delivering,  ineasiirinir,  and  nvnlatin^  tlie  Hiipply  of  water  to  the  neirond  party  shall 
Im*  presi-riUiI  hy  the  tir^t  |Kirty  and  at  all  tiniex  under  it«(  control;  and  if  the  eeoond 
party  shall  in  any  manner  ehan^^e,  oimmi,  t)^^hut  any  nu*aHuringl>ox,  or  by  any  means 
incn^siM'  or  diniininh  tlie  a{N'rtnn'  tlien'<»f.  without  the  iimsent  of  the  fin<t  party;  or, 
in  cRK*  the  H'<-onil  party  nliall  us4-  a  supply  of  water  for  any  other  lands,  or  shall  allow 
any  ix^rsitn  to  use  it.  except  for  the  pur}N».«cs  lien'in  allowiMl,  upon  the  alio  ve^ei9cribed 
Itn>inis4>s.  or  shall  in  any  way  whatever  take  water  from  any  dit<*h,  <«nal,  lateral,  or 
Muhlateral  supplii'd  witli  water  l»y  tlu'  tirst  party,  extvpt  as  delivered  by  the  flnt 
IHirty,  then  the  st'cond  |>tirty  shall,  at  the  option  nf  th(>  lN»anl  of  directora  of  the  firat 
jwrty,  forft'it  all  rijiht  to  n^-eive  watrr  fn »ni  the  first  jiarty  for  the  then  current  jrear, 
anil  also  all  nion(>ys  paid  as  coin) H-nsiit ion  fur  furnishing  water  for  naid  yc«r. 

((()  It  is  further  a^n^tNl  that  if,  l»y  rciison  t»f  any  caus<>,  the  supply  of  water  shall 
In'  insuflicieiit  ti>  (ill  and  (low  through  said  main  canal  acc«)nling  to  its  crtimated 
cai>acity.  or  insullicient  to  furnish  the  amount  which  all  the  conHumem  may  be 
entithHl  to,  then  the  lirst  party  shall  hav(>  tin*  ri^ht  !••  distrihute  such  water  as  may 
flow  throu>;h  Kiid  canal,  pro  rata,  to  all  iN*rsons  (>ntitle<l  then*to,  and  for  the  purpose 
of  so  doin^  may  establish  an<l  (>nft»rce  su<'h  rul(>s  and  n*f;ulations  as  it  may  deem 
necessiiry  or  ex|KHlicnt;  hut  in  cas4'  of  such  pro  nita  distribution  credit  shall  be 
^iveii  the  owner  or  owners  iif  the  water  rii;ht>  hen>by^rnint4'<iat  apn>iM>rtionaterateof 
annual  water  rental  for  the  am»nmt  of  watiT  les*--  than  4.'^r><»()  «'ubic  feet  i»er acre  which 
may  hav«'  Uh-u  ne<il«Ml  an<l  nMpnn'd  by  the  owiM*r  of  Kuch  water  rifrht  for  purposes 
iK'H'in  HM-oj^nizc*!,  iMit  whi*h  the  lirst  party.  *m  acniunt  (»f  such  pn)  rata  distribution, 
niav  nt»t  liave  furnishi^l;  uhirh  cn^dit  shall  I n>  vriv(>n  uiKin  the  amount  due  aa  com- 
IK'Usitiini  for  furnishing'  wat«'r  t«»  the  party  who  is  the  «»wner  of  the  water  right  upon 
wliicli  the  <-nNlit  is  due.  at  the  next  srmianuual  iM^ricMl  for  the  ]»nyment  of  Mud  com- 
IM'n.sition.  An<l  the  first  party  shall  have  the  rivrht  to  tuni  the  water  out  of  said 
main  canal,  and  slnit  the  water  out  of  the  lateral  and  servitv  ditchen,  at  any  time  for 
the  puriMisr  of  eh'anin^  or  repairing  sai<l  main  canal,  its  dam  or  renervoir,  or  for 
n*pairin;r  or  putting  in  new  or  nther  wasteweirs.  headpites,  wastc*^tc*H,  Hcrvice  gates, 
hri<1^(^,  or  any  of  the  appurtrnances  tif  sai<l  canal,  and  during  the  time  occupied 
then-by  the  ri^dit  of  th(>  si>cond  party  to  demand  and  reiM'ive  wat4*r  hereunder  shall 
Ik*  sus|MMided. 

(7)  It  is  henrby  distinctly  un<lerstiMMi  anil  a^rnH*<l  by  and  lH»tween  the  parties 
hcH'to  that  in  vii)*i'  tlie  <'anals  nf  said  first  party  throu;;h  which  the  water  rights 
hen'in  ^nint<Ml  are  furnished  water  shall  1h*  unab]<>  to  carry  and  distrilmte  a  volume 
of  water  equal  to  their  est  imatt>«l  eaparity.  either  frnm  casual,  unfon»sefn,  orunavoid- 
able  acciilent,  or  the  act  <»f  (nwl,  t»r  if  the  volume  <»f  water  pniv**?*  iuHufficient  from 
dn»n^h(.  or  from  any  other  auisv \H'youd  tU<*  «outrol  nf  sai«l  lirst  ]>arty,  the fint party 
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shall  not  be  liable  in  any  way  for  the  shortneae  or  insufficiency  of  supply  occasioned 
by  any  of  said  causes. 

(8)  And  the  second  party  agrees,  in  consideration  aforesaid,  to  waive,  and  hereby 
does  waive,  any  and  all  claims  for  loss  or  damage  by  reason  of  any  leakage,  seepage, 
oi*  overflow  from  any  canal  or  ditches,  or  from  any  reserxoirn,  lakes,  or  laterals  of  the 
first  party,  either  upon  the  land  aforesaid  or  any  other  tract  belonging  to  said  party, 
anything  in  any  statute,  law,  or  custom  to  the  contrary  notwithstanding. 

(9)  The  second  party  shall  construct  and  maintain  in  good  order  and  repair  a  ditch 
upon  said  land,  of  such  size  and  grade  and  at  such  point  and  location  as  shall  be 
prescribed  by  the  first  party,  to  catch  and  conduct  to  some  main  lateral  ditch  of  the 
first  party  all  waste  water  flowing  upon  said  tract  of  land. 

The  regular  field  force  of  this  system  during  the  irrigating  season 
consists  of  a  watchman  at  each  reservoir,  whose  duty  it  is  to  keep  rec- 
ords of  the  height  of  water  in  the  reservoir,  the  amount  discharged 
through  the  canals  and  spillways,  note  condition  of  the  works  and  keep 
everything  in  order,  and  regulate  the  flow  into  the  canal  as  directed 
from  the  engineer's  office;  and  four  ditch  riders,  each  in  charge  of  a 
certain  portion  of  the  main  canal  and  the  laterals  from  it.  Their  duties 
are  to  deliver  the  water  to  the  consumers  and  keep  a  record  of  all  such 
deliveries.  For  this  purpose  they  are  provided  with  a  book  of  slips, 
two  to  the  page,  one  detachable.  At  the  end  of  each  delivery  the  two 
slips  are  filled  out  in  duplicate,  one  detached  and  sent  to  the  engi- 
neer's oflBce,  the  other  remaining  as  a  stub  in  the  book  and  sent  in 
when  the  book  is  filled.     The  following  is  a  copy  of  this  slip: 

Pecos  Irrigaiion  and  Improi^einetU  Company. 

Department  of  chief  engineer.     Record  of  water  delivery. 

Division  No.,  ,  .     Name  of  owner,  ,  .    Water  right  No., 

.    Weir, .    Width, .    Depth,  .     Date,  ,  from ,  — .  m.  to 

— .  m.     Time  in  hours, .     Acres  irrigated, .    Variety  of  crops. 


Method  of  irrigation, .     Nature  of  soil, .     Condition  of  owner^s  laterals, 

.     Remarks,  .    Total,  acre-feet, . 

The  measurements  are  made  over  weirs,  and  are  not  absolutely  accu- 
rate, as  at  present  there  are  no  automatic  registers  for  determining 
the  head.  But  as  the  whole  system  is  connected  by  telephone,  and  all 
water  is  drawn  from  or  returned  to  the  canal  under  instructions  from 
the  engineer's  oflSce,  the  heads  can  be  kept  very  uniform,  except  the 
variation  due  to  evaporation,  and  as  the  measurements  are  taken  twice 
daily,  the  results  are  at  least  approximate,  and  will  certainly  be  of 
great  aid  in  determining  the  duty  of  water. 

This  is  the  third  season  that  any  attempt  has  been  made  here  to 
determine  the  amount  of  water  actually  used,  and  while  it  is  known 
that  the  results  are  not  absolutely  accui'ate  they  give  a  comparative 
record,  and,  when  the  necessity  of  selling  water  by  measurement 
becomes  as  apparent  to  both  the  seller  and  the  consumer  as  it  is  to 
many  engineers,  methods  of  accurate  measurement  will  be  adopted, 
although  involving  considerable  expense. 
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The  rainfall  at  Carlsbad  for  the  year  1899  was  less  than  during  any 
season  since  irrigation  began  in  this  valley.  The  monthly  precipita- 
tion for  the  year  is  given  below : 


Monthly  precipitation  ni  Carlsbadf  N.  Mex.,  1899, 


Inch. 


Inch. 


January 0.00  July 0.08 

February 02  August 00 

March 06  September 08 

April 08  October 03 

May 00  November 18 


June 


.13 


The  following  table  shows  the  depth  of  water  received  by  the  land 
in  the  four  divisions  from  both  irrigation  and  rainfall,  from  March  to 
September,  inclusive  : 

Duly  of  water  under  Pecan  (Janatj  mea^suring  tvater  at  heads  of  laterals. 


DIv.  No.l.  .  DIv.  No.  2. 


Area  irrigated aores. .       1, 071 

Water  'laed acre-feet . . ;      6, 976. 34 


2,130 
9,651.88 


DIv.  No.  3.    DIv.  No.  4. 


4,757 
14,046.63 


923 
3,288.36 


Depth  of  irrigation feet. . 

Depth  of  rainfall do. . . 

Depth  of  irrigation  and  rainfall do. . . 


6.51 
.43 

4.53 
.43 

2.95 
.43 

3.56 
.43 

6.94 

4.96 

3.38 

3.99 

DUTY  OF  WATER  UNDER  SOUTHERN  BRANCH  OF  PECOS  CANAL. 

Not  all  the  water  u.sed  in  the  four  divisions  is  measured  at  the  head 
of  the  canal,  but  a  record  is  kept  of  that  passing  through  the  flume 
across  the  Pecos  and  watering  the  land  on  the  west  side  of  the  river. 
This  water  irrigates  8,410  acres.  The  following  table  gives  the  results 
of  these  measurements : 

Water  discharged  by  Jtume  across  Pecos  River ^  April  16  to  Ociober  31^  1899, 

[See  diagram,  PI.  IV,  p.  72.] 


Day. 


April. 


1 

Acre-fcft. 

•2 

3          

4 

5 

6 

7 1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

181.0000 
162. 4298 
11.5.9174 
142.2808 
143.4380 
149.4711 

17 

18 

19 

20 

21 

May. 

June. 
Acre-feet. 

July. 
Acrf'feH. 

August. 
Acre-feet. 

September. 
Acre-feet. 

October. 

Acre-Jcet. 

Arre-feet. 
'in.  1727 

195.0950 

342.8513 

429.7190 

393.9339 

378.2479 

181.5(M1 

839. 1571 

427.6364 

889.6364 

387.7088 

271.9180 

299.1157 

333.8596 

413.9008 

386.2975 

382.6802 

242.9520 

301.7273 

333.0000 

881.3884 

886.0248 

380.6511 

177.9687 

318.8265 

327.5703 

384.5123 

386.5702 

370.0089 

6.1846 

336.8512 

323.5703 

400.0082 

387.3885 

359.5825 

0 

337.5620 

317. 6194 

421.5374 

388. 1157 

355.3024 

50.8560 

329.3a58 

305.8679 

326.8512 

389. 1167 

336. 1610 

113.4150 

325.2975 

291.4380 

46.3636 

389.7521 

284.2470 

63.5480 

316.0413 

284.9256 

0 

388.8430 

234.5960 

46.1660 

345.2975 

275.8512 

0 

887.3884 

0 

44.9600 

339.4298 

246.7769 

118.0000 

894.1901 

25.9421 

44.5060 

337.3967 

270.8512 

424.5868 

410.0000 

laPR.  oU99 

43.5640 

330.4O!i0 

335.8760 

447.0744 

408.8760 

219.9669 

43.8000 

327.8595 

384.9093 

406.7521 

407.2397 

222.7107 

47.1240 

340.6860 

889.9008 

367.5371 

405.7851 

227.7190 

51.4200 

345.7355 

399.3719 

374.3884 

408.0496 

229.4545 

61.9030 

350.2727 

379.3141 

243. 1653 

418.4114 

233.6529 

62.8890 

354.2562 

384.1983 

37.8099 

415.2397 

234.0165 

60.4600 

350.0992 

390.4298 

246.7768 

416. 1963 

238.8678 

48.7800 

354.0000 

387.2314 

323.9604 

411. 1736 

258.4215 

49.6000 

I;  f 

i    i 


1    '. 


I    *^ 


.11 


A' 


4 

h     I  ■ 


1' 


t.    . 


■I         '■ 


108 


THE    USE   OF   WATER   IN   IRRIOATIOIT. 


WaUr  ditfchartjn!  hij  Jttniw  arrow  PecfMt  River,  April  16  to  Oetcbfr  31^  1899 — Cdntinpad, 

[SCO  diafcram.  PI.  IV,  p.  72.] 


Ihiy. 


22. 
23. 
24. 

2f;. 
27. 
28. 
29. 
W. 
31. 


.\prll. 


Arrr-/nt. 
174. 11112 
I  «).?/.*  I 

2(rj.  421'! 
IW>.«.M22 

227.;C).VI 

22«».  inM 

227.:W»H 


Tout  I  . 


May. 

Jllllf. 
Arrr-fiTf. 

July. 

Atlgiwt. 
ActT'/irt, 

September. 

October. 

Arrf'frti. 

Arrr-frrt. 

Acre-fett 

Acre-ftet 
40.7400 

\VA.  heat) 

:m.(i2H\ 

H85.4:tW 

409.7861 

2fl0.«»l 

;j:»2.4(fciK 

:r5.2?J7 

»77.H76a 

407.8306 

247.2946 

fia4000 

'.Vm.ATM 

:ra.H.*ii2 

.V>9.43ft0 

408.9604 

286.1854 

40.0000 

:jr>9.:wr>H 

H0U.52U7 

351.2?27 

401.0679 

280.8874 

47.8200 

:j.vi.Mor> 

:J70.W.78 

348.  (»K1 

399.2727 

227.6689 

47.8600 

sjr>.9ii» 

:M0.Kiyu5 

:Mr).7107 

996.8926 

2S8.8604 

47.1140 

:t2«i.(WU4 

:<2t).r>(JM 

349.01(»5 

393.9174 

278.K7aO 

xtt.wri 

407.49;V9 

3ra.2.'i<U 

391.6702 

277.5022 

46.0840 

.H14.52H9 

429.9174 

3A9. 1210 

386.4798 

278.8S87 

47.8600 

:i41..')041 

3r3.9.'i04 

882.7107 

47.7380 

10. 171.  Ifilft 

10,402.6631 

9.845.6G91 

12,341.1966 

7.822.8802 

2.047.6030 

IhUif  of  imti'r  nndtr  Mouthirn  hranrh  of  Pmts  CamU^  mt-aturing  uttUr  <ti  (he  Pecos  flume, 

\iva  irrij?aU»(i acre**. .    8, 410 

WuUt  iiHi'd ai^re-fet't. .  55, 589. 1316 


Water  uhimI  jht  a<*n' aore-fwt. 

liaiiifall,  April  to  ( h-toU'r feet. 


6.61 
.40 


Total  <lepth,  irri^tion  an<l  rainfall <lo. . .  7. 01 

Tho  duty  of  wator  iis  iiulicatod  l)y  this  year's  investigations  in  the 
Peros  Valley  is  very  low.  The  fanners  have  had  all  the  water  they 
want*»d  and  in  nianv  instances  much  more  than  thev  needed.  When 
the  majority  realize  how  much  damage  is  done  by  the  improper  use 
of  wat<»r,  and  wIumi  water  hecomes  scarce  enough  to  bo  sold  by  meas- 
ure, the  dutv  in  this  vallev  will  ))e  grcativ  increased. 

U.)8S   OF   WATKK   IN    CANALS. 

While  farmers  have  had  all  the  wat(»r  thev  wanti^d  and  have  used  it 

ft' 

wast<»fully,  imich  has  })ocn  lost  from  the  canal  before  reaching  the 
headgates  of  the  lat(»nils.  There  ai*e  no  <»xact  records  of  this  loss,  but 
it  may  be  approximated  by  taking  tht*  difference  between  the  flow  of 
the  canal  at  the  flume  and  the  quantity  of  water  delivered  to  users 
Inflow  that  place. 

The  two  records  art*  complete  only  for  the  months  of  May,  June, 
July,  August,  and  S<*ptemlHM\  During  these  months  the  water  deliv- 
er(»d  to  the  land  und(»r  this  canal,  as  shown  by  the  tables  for  the  several 
divisions,  was  as  follows: 

Wattr  (hUrmd  to  land  niui*:r  Smithrrn  Cnual,  May  1  Uf  St'ptfmfter  SO,  1899, 

I 

.Tnly. 


First  division... 
S€('oiiil  (liviHion 
Thinl  «livi»loii.. 
Fourth  (liviMlon 


May. 


Acrr-Jitt. 
4K7. '.»:» 
\,W1\.T.\  . 

•j,:f_'4.  IS  I 


.Tuiuv 


Atrt-fai. 
l.:v2s.Hi 

r>:w.ii 


Arrr-ff-ti. 

4.v>.ar> 

'2, 2-22.  W 
4a').  92 


AiigaHt.     September. 


Acre-feet.      Aere-fcd. 


nol.  •w 
1.872.A6 
2.477.96 

732.27 


1.579.86 

1.562.91 

40&.88 


Total :»,i;W.;{2        i\OV.i.'J»         1.223.92        5,644.45 


4,101.95 


hi 
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The  following  table  shows  the  proportion  of  the  water  passing 
through  the  flume  which  was  delivered  to  the  land  under  the  canal 
below  the  flume: 

Percentage  of  vmter  delivered. 


Month. 


Discharge ,      Water     I  Percent- 
of  flume.  I  delivered. !      age. 


May 

June 

July 

August 

September 

Total 


Acre-feet. 
10, 174. 16 
10,402.65 

9,845.67 
12.341.20 

7,822.90 


Acre- feet. 
5,139.32 
5,013.28 
4,223.92 
5,664.45 
4,101.75 


50.8 
48.2 
42.9 
45.8 
52.4 


50,686.57       24.142.72 


47.7 


It  will  thus  be  seen  that  less  than  half  the  water  entering  the  canal 
reached  the  land  to  be  irrigated.  This  loss  is  due  to  evaporation  and 
seepage  and  faulty  construction.  Under  the  present  development 
this  water  is  not  needed,  and  hence  the  loss  is  not  felt. 


TEMPERATURE   AND    EVAPORATION. 


The  following  table  gives  the  temperature  records  at  Carlsbad  for 
the  six  months,  Mav  to  October: 

Temperature  at  Carlsbad,  N.  Meji-. ,  1899. 


Month. 

Maximum. 

Minimum. 

Average 
maximum. 

Average 
minimum. 

May 

June 

98 

102 

101 

103 

99 

89 

°F. 

41 
45 
64 
64 
48 
3i 

OF. 
90.0 
93.2 
93.7 
94.8 
88.1 
78.1 

OK 
54.2 
65.8 

July 

68.0 

August 

67.7 

September 

59.2 

October 

49.2 

Records  of  evaporation  were  kept  for  the  period  from  May  1  to 
November  11.  The  atmosphere  was  dry  and  evaporation  was  heavy. 
The  table  given  below  shows  the  evaporation  for  periods  of  one  week: 


Evaporation  at  Carlsbad,  N.  Mex.,  by  lueekSf  1899. 


May  1  to7 

Mav  8  to  14 

May  15  to  21 

May  22  to  28 

May  29  to  June  8  . . 

June  4  to  10 

June  11  to  17 

June  18  to  24 

June  25  to  July  1  . . 

July  2  to  8 

July  9  to  15 

July  16  to  22 

July  23  to  29 

July  30  to  AugUHt  5. 
August  6  to  12 


Inches. 
1.13 
2.50 
4.25 
5.  25 
5.88 
2.50 
2.85 
2.00 
1.  6.3 
2.25 
2.00 
1.00 
2.00 
1.75 
1.50 


Iii<!he>'. 

August  13  to  19 2.00 

August  20  to  26 1.  75 

August  27  to  Septeml)er  2 2. 00 

September  3  to  9 1. 25 

September  10  to  16 1.25 

September  17  to  23 1. 25 

September  24  to  30 1. 25 

October  1  to  7 1.00 

October  8  to  14 1. 00 

October  15  to  21 1. 00 

October  22  to  28. 88 

October  29  to  November  4 75 

November  5  to  11 75 


Total 54.62 
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DIVISION   NO.  3. 

This  is  a  division  of  the  greatest  successes  and  worst  failures.  The 
soil  is  a  heavy  clay  loam  and  has  a  greater  depth  than  that  of  divisions 
No.  1  and  No.  2.  It  is  here  that  the  best  alfalfa,  beets,  and  head  corns 
have  been  raised,  while  on  the  other  hand  the  same  crops  have  been 
complete  failures  upon  the  same  land.  The  soil  is  heavy  and  capable 
of  producing  good  crops  under  a  proper  system  of  irrigation,  but 
handled  as  a  great  deal  of  it  has  been  it  becomes  a  marsh.  The  soil 
does  not  drain  naturally,  and  the  large  amounts  of  water  that  have 
been  applied  have  literally  submerged  it  until  now  some  of  it  is  bare 
of  vegetation.  The  general  fall  is  amply  sufficient  for  a  good  system 
of  underdrainage,  and  when  such  drainage  is  provided  and  intelligent 
care  exercised  in  future  applications  of  water  it  will  make  the  most 
productive  section  under  this  system. 

The  area  irrigated  and  the  water  used  in  this  division  is  shown  by 
the  following  table: 
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DIVISION   NO.  3. 

This  is  a  division  of  the  greatest  successes  and  worst  failures.  The 
soil  is  a  heavy  clay  loam  and  has  a  greater  depth  than  that  of  divisions 
No.  1  and  No.  2.  It  is  here  that  the  best  alfalfa,  beets,  and  head  corns 
have  been  raised,  while  on  the  other  hand  the  same  crops  have  been 
complete  failures  upon  the  same  land.  The  soil  is  heavy  and  capable 
of  producing  good  crops  under  a  proper  system  of  irrigation,  but 
handled  as  a  great  deal  of  it  has  been  it  becomes  a  marsh.  The  soil 
does  not  drain  naturally,  and  the  large  amounts  of  water  that  have 
been  applied  have  litemlly  submerged  it  until  now  some  of  it  is  bare 
of  vegetation.  The  general  fall  is  amply  sufficient  for  a  good  system 
of  underdrainage,  and  when  such  drainage  is  provided  and  intelligent 
care  exercised  in  future  applications  of  water  it  will  make  the  most 
productive  section  under  this  system. 

The  area  irrigated  and  the  water  used  in  this  division  is  shown  by 
the  following  table: 


102 


THE   USE   or   WATEB  IN  IBRIOATIOH. 


4 


i 


i 

•  m 

2^    2 

« 

[  I  ure 

bbed. 

are. 

N  1 

2 

cflSE-3 

2-    < 

1 

§  i 

••5  «rf 


•g 


I    1 


'UO}l«XlJ 

%n  JO  mdod 


iwiox  ; 


'jtiqaioidoH 


i 


5    ? 


I 


•a. 


I 


I 


« 

? 


it 


•-((ur 


••mnr 


•X«K 


•IM<lV 


'if^uvK 


•ITrjoi 


'U.>|>JH<)   I 

•**"1A 


•luoo 


■»JI«JIV 


e 


3   ."•■05* 


! 


CI   •» 

Uj         •         •  • 


^ 


X 


Ti 


(^    Gk    ^  O       o    C 

i  i-i  it  tit 


6    S 


§ 


3"^  ii  at  it 


3 


8B 


.    S  Si 

\    -^  "^ 

«         • 

fclri  .1? 


s? 

CO 


«    8    S" 

Ti     i'^     ?i 


TT~ir 

ti  i  iS 


5  "5~s  ■~5~s — ris~fe" 

■  •  •  •  •  •  •  • 

«       f  ft       O  ff*      lO       .i* 


ss  s  ^  5  s    ftr"3    s  3  s    5~^ 

•   •••••  •■  •     •       •  •      • 


*£ 


lii 


Si: 


3^9 


S    L3     Ei        55    5 


1:  r.' 

??    ?    2 


!■«  I'* 

X  ••o 

•  • 

^  OP 


r*      9* 

2'8 


2  ^  R 

S  S  s 

•  •  • 

::  s;  3 

ss  S  « 

*  -**  s 

"T  "  M  O" 

^  •>«  Ok 


•       ■ 
R""JS 


iC 


??    2    S 


■s    -^    •? 


? 


?? 

tA 


7.  "2:    i 


a 


.A" 


c« 


—     3i 


3  ""?r 


~¥5 : — HT 


«  ~a — iv 


•c      ri 


?I     S 


-      -C 


« — sr 

■  M 


•cS-c        •cr'Cs-5-r        -eg        •0.2.0        •€€ 
<     'Z     •<  .   .       .     X     ■<       .  •     x  .     <       .  .       . 


X 


V 

§ 


r/i 

i 


i 


0: 


c  H  -  Z- 

p  -  5  * 

<  *  ?  2 

X  ;^  -^  S 


M.     fe 


si  1 


•?       ^ 


e 


:  H 


£ 


USE   OF   WATER   IN   NEW   MEXICO. 


'5  S 


-     -         -        -         „     -     -  i  jjs^j's'we;.-  eJa 
S      E   5    E|        B   I    S§      E      I  5  3|l3S|5s  ||e 


3    S      S"     S" 


8 
s 

S 

r 

;    5  'i  5  ^ 

E    S    8 

s  I  a 

E 

i  5  "i 

' 

i 

3    S 

s 

5 

^ 

s 

;     i  s  r  il 

B    '    « 

3S 

S  a  s 

^     : 

■i 

s 

S 

s' 

3    S 

•■  a 

-'r 

?: 

~ 

P    5       S 

*   ; 

si 

5 
!; 

S     : 

i 

i: 

s 

-      S    J 

SI    S" 

E    t 

s 

B 

a   s 

r- 

s 

e  ■• 

»      "       i       j    J       ;     !    "~: j     ;     j    — :•      i    j  ^       :       j      a     j 


I  i 


.!  .Sa 


u       V.       tT    K       S    5    S-.    K       S    u    w  -^       >    «    ^r       ./       S       i 


I  sll 


USE   OF   WATER   IN    ARIZONA.  113 

with  return  water  from  irrigated  land  under  both  the  Salt  and  Gila 
rivers,  in  addition  to  the  seepage  water  of  the  Agua  Frio.  This  gives 
them  a  minimum  supply  of  about  150  cubic  feet  per  second  (6,000 
miner's  inches)  during  the  lowest  stages  of  the  river.  The  canal  covers 
approximately  25,000  acres  of  land,  only  a  small  portion  of  which  is 
yet  under  cultivation.  The  head  works  are  located  some  22  miles 
west  of  Phoenix. 

The  Mesa  Canal^  on  which  the  observations  of  the  duty  of  water  in 
1899  were  made,  was  constructed  and  is  maintained  by  a  corporation 
of  farmers  whose  land  it  irrigates.  The  stock  of  the  canal  is  divided 
into  400  shares  of  a  present  value  of  $500  each.  The  annual  cost  per 
share  is  approximately  $16,  which,  considering  the  excellence  of  their 
water  system,  is  very  reasonable.  Their  water  supply  is  variable, 
depending  on  the  stage  of  water  in  the  river.  This  irregularity  of 
supply  is  an  unfortunate  condition  which  can  not  be  changed  without 
a  reservoir  to  impound  flood  waters.  Under  the  present  conditions 
the  canals  take  all  the  water  possible  during  floods  and  every  user  of 
water  endeavors  to  spread  his  quota  over  as  large  an  area  as  the  limited 
time  will  allow.  The  result  of  this  haste  on  the  part  of  both  the  canal 
company  and  the  farmer  is  generally  a  great  waste  of  water,  and  the 
country  roads  after  such  a  spurt  are  at  times .  almost  impassable. 
Again  at  a  period  of  extreme  low  water  the  quantity  in  the  canal  is  so 
small  that  the  farmers  in  most  cases  simply  use  it  for  stock  water  and 
to  irrigate  such  fruit  or  trees  as  they  may  have. 

Observations  of  the  duty  of  water  under  such  conditions  can  not  be 
considered  as  measuring  the  possible  duty  under  the  economical  dis- 
tribution which  would  be  possible  if  storage  reservoirs  for  floods  were 
provided. 

DIVISION  OF  THE  WATEB  OF  SALT  BIVEB  .tfMONO  CANALB. 

The  law  controlling  water  distribution  in  the  valley  is  known  as  the 
"Kibbey  decision,"  which  was  rendered  by  Judge  Joseph  H.  Kibbey  in 
the  year  1890,  after  long  and  tedious  litigation.  The  fundamental 
principle  of  the  decision  is  that  the  priority  of  actual  application  of  the 
water  to  the  land  gives  priority  of  right.  This  ne<;essitated  the 
determining  of  the  date  when  water  was  actually  applied  on  each  and 
every  parcel  of  land  under  the  various  canals  named  in  the  suit.  The 
evidence  thus  deduced  filled  some  6,000  pages  of  type- written  matter, 
and  from  it,  under  the  direction  of  the  court,  was  compiled  a  table  show- 
ing the  nimiber  of  quarter  sections  irrigated  in  each  year  under  each  canal 
entitled  to  water  from  Salt  River  as  per  decree  of  court.  The  land 
area  unit  used  in  this  table  was  one  quarter  section  (160  acres).  The 
duty  of  water  as  tentatively  fixed  was  64  miner's  inches  to  the  quar- 
ter section;  the  miner's  inch  being  estimated  as  one-fortieth  of  a  cubic 
foot  per  second.  In  the  application  of  the  Kibbey  decision  the  above 
duty  of  water  is  not  continually  allowed  to  the  lands  havUv^jr^  <^^^.YV^ 
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rightjs  to  the  (^vclusion  of  all  others,  the  land  and  canal  ownen  having 
for  the  most  i^irt  pursued  a  ^iive  and  let  live''  policy,  which  has  per- 
mitted of  a  development  that  could  not  otherwise  have  been  effected. 
It  18  evident,  howi^ver,  that  there  in  a  limit  to  which  this  latter  policy 
should  ]ye  pursued. 

There  are  {x^riods  of  low  water  in  summer  when  a  duty  of  64  inchcB 
per  one  (|uarter  section  would  allow  water  to  hut  35,000  acres  of  land, 
a  tnu*t  miK^h  smaller  than  the  82, d4<>  acres  given  adjudicated  rights  for 
the.  yiMir  1H84.  The  table  prepared  as  a  result  of  tike  Kibbey  decision 
is  as  follows: 

Table  nliowing  fur  mch  year  the  number  of  fpiarter  teHioM  under  eoc^  ronal  entUied  fo 

wiihrfrom  JSalt  Eiver  a*  ;w  Kibbey  decision. 


Vi-ar. 

Halt 

RlvtT 

Valley 

Canal. 

MHri<>nf»a 
(■anttl. 

1 
G 
14.5 

Ti'ni|K.' 
(?anal. 

Snn 
FranclwH* 

or 

WormHcr 

Canal. 

Utah 
Canal. 

Mem 

Canal. 

Qrand 
Canal. 

Arlaoiut 
Canal. 

Toau 
number 

of 
qOAiter 
sectioiH 
for  each 

year. 

18(i8 

12.5 

22 

:n.5 

48 

78.5 

90. 5 

90.5 

90.5 

92.5 

95.5 

102 

101 

109 

lit;.  5 

117.5 
118.5 
119.5 
120.5 
121.5 
122.5 
123.5 
12:^.5 

18.5 

18ti9 

28 

1870 

M 

1871 

24.5 
28.5 

29 

:n 
:t2 

3C 
41 

5.1 

(J5.5 
81.5 
U»2 
117.5 
121.5 
128.5 

l:» 
i:r» 

IHl 

i:w 

5 

49 
57 
57 
57 
57 
57 
07 
70 
70 
T2 
90 
90 
'.»5 

9K 

105 

ii:i 

117 
117 

8 
8 
12 
12 
12 
12 
22 
22 
22 
21 
24 
27 
2H 
28 
28 
29 

:{1 
:n 
:n 



flft.2 

1872 

107 

1873 

ltt.5 

1874 

1 

... 

190.5 

1876 

::::::::::::::::<:::::::::::::::  "1 

19L5 

1876 

197.5 

1877 

7 
24 
24 
21 
24 
2('. 
W 

:« 
:w 

•10 
.Vi 

n?  ^ 

1878 

23 
2» 
35 
13 
50 
59 
02 
73 
75 
82 
K2 

82 

2 
16 

17.6 
18.6 
23.5 
48.6 
45.5 
46.5 
47.5 
47.5 
48.5 
48.6 

• 

298 

1879 

S90l5 

1K80 

864 

1881 

400 

1882 

451.5 

18K) 

fiOL5 

18W 

616w5 

1H85 

'"4A.i" 
106.25 
192.75  , 
388.25 
350 

80Ol5 

]K8ii 

656.35 

1887 

765.75 

1H88 

9(29.35 

1H89 

946 

With  the  a)M)ve  ta])le  as  a  jiruirlc*,  the  court,  through  its  oflScer,  a  duly 
apfiointed  water  ('oniinissioner,  apiM)rtions  the  water  among  the  canals 
entitled  to  receive  it  during  th(»  various  stages  of  medium  and  low 
wat4M*.  At  periods  of  high  watf»r  <»v(»i*v  canal  carries  as  much  as  it  can 
tjike  in  at  its  hiMid. 

Mr.  Trott,  the*  pres(»nt  water  commissioner,  has  his  office  in  Phoenix, 
making  pericKlical  trips  over  the  various  canals  in  the  valley,  in  order 
that  he  may  ke(»j)  constantly  informed  of  the  (juantity  of  water  being 
delivered  in  (»ach.  He  is  allowed  one  ttssistant,  a  gJige  observer,  who 
reads  the  gages  in  the  various  (finals  twice  a  day,  rejwrting  the  read- 
ings after  ea<*h  trip  to  Mr.  'rn)tt  by  t(»l(»ph<)ne.  The  latter  then  make%$ 
his  calculations,  and  as  he  has  tel<'|)h<)ne  <*()nn(M*tions  which  enable  him 
to  reach  the  headgates  of  all  the  canals  on  short  notice,  he  can  have 
them  regulat4»d  as  he  desires  at  any  time.  His  responsibility  ceases 
when  he  has  a\)\H)rt\imeA  \.W  v;\\.Vv>y  V*^  \\i^  N'jctv^iNaA  v^\^i\al8.     After  the 
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vater  passes  bis  gages  it  is  handled  by  the  canal  company's  zanjero,  or 
water  master,  who  distributes  it  to  the  different  laterals  under  the 
system. 

The  water  commissioner  keeps  a  record  of  the  water  flowing  in  the 
canals  under  his  jurisdiction,  and  at  the  end  of  the  year  compiles  a 
table  showing  the  amount  received  by  each  canal  for  each  day  of  the 
year,  also  the  monthly  and  yearly  averages.  The  following  table  gives 
the  average  flow  for  each  month  of  the  year  1897  and  the  avenge  for 
the  year.  The  flow  is  given  in  miner's  inches  for  local  convenience, 
the  inch,  as  before  stated,  being  estimated  at  one-fortieth  of  a  second- 
foot.  This  table  is  merely  the  summing  up  of  the  numerous  pages 
giving  the  daily  flow  for  each  canal  for  the  entire  year.  The  Indians 
on  the  Maricopa  Reservation  are  allowed  a  constant  bead  of  approxi- 
mately 500  inches  from  Salt  River,  which  b  not  included  in  the  table. 

Average  fiow  of  canai»  receiving  water  from  Ihe  Sail  River  fiir  Ike  year  18S7. 


S<»lh 

ddi). 

North  ddu. 

«™u,. 

Utah. 

S.'J: 

Arlcuiia. 

h^'. 

■IWelwd. 

ffis- 

i 

7,13X 

f..ab 

eioa 
vim 

1,»42 

!:i 
IS 

\:& 

ZMS 

!:!S 

si 

3.019 

a.«i 

I,2» 
1,436 

'aco 

i.m 

I7,9a0 

ai.4« 

■Sis 

S,08Z 
8,  MA 

10.»17 

i 

sizso 

'^% 

1 

Avenge  flow  for thfyear. 

7,100 

5,000 

»■*" 

422 

,2,..8 

'■"' 

32,886 

The  court's  authority  at  present  does  not  extend  outside  of  this 
valley,  and  it  is  beginning  to  be  felt  that  the  law  of  priority  needs  to 
be  exercised  beyond  these  liuiite.  Under  the  present  method  of  opera- 
tion there  Is  no  way  of  guarding  the  priority  of  rights  of  the  Salt 
River  Valley  to  the  waters  of  the  Upper  Salt  and  Verde  rivers.  Any 
man  who  can  raise  the  necessary  funds  to  build  a  ditch  and  dam  on 
either  of  these  tributaries  can  do  so,  take  what  water  he  wants,  estab- 
lish s  home,  and  acquire  possessory  rights,  while  the  people  in  the  val- 
ley are  in  ignorance  of  the  entire  matter.  This  is  the  case  in  the  other 
parts  of  the  Territory  also. 

In  Wyoming  and  other  States  having  special  irrigation  laws  no  man 
or  company  can  thus  appropriate  water  without  permission  of  the 
State  engineer,  and  this  permission  is  not  granted  if  the  stream  is 
already  fully  appropriated.  If  a  permit  is  given,  the  whole  transac- 
tion  is   recorded,  giving  size  oi   4ite\\.  co^wixX.'j ,  \t»»S\avi.,  *lS^R.  ^A- 
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appi'opriittidi).  (^ti-..  mi  tliat  tlmm  in  no  future  trouble  in  adji 
tho  rifrht."  of  t)i<!  diu-li  or  ranal.    Thia  nyHtem  eliminatai  for  the 
part  hII  tlii^  dillicitltH-s  that  would  otherwise 
adjuditatt?  tli<t  <-Iiitnis  of  one  county  againut  another  whioh 
wat4T  fnnn  the  huuic  slri>uin  or  it«  tributaries. 

METHOD  OF  DISTBZBUTZON  UHSEB  1 

As  )H>fon'  .stiiti'd,  till-  Mesa  Canal  Company  receives  ite  mpjply-att  A 
dh-isiori  gtitt's  of  the  C'oii»olidut«d  Canal  Company.  -  Their  ^uijvok  < 
wittrr  niiist^r.  thrn  iisNiiniHtt  charge  of  it,  turning  the  water  oat  to  tt 
latcntlN  ill  ti<-r'or<liin('i-  with  the  numbvr  of  ftharea  each  lateral  npn 
Ht'ntH.  It  in  tln-n  luki-ii  charge  of  by  the  various  water  masten  OB  til 
latt-ruK  who  I'ontnil  lis  distribution  to  the  lands.  The  dutiea  irfth 
tattor  an-  siuipliticd  by  tho  fact  that,  as  a  rule,  they  bare  but  llttl 
dividing  to  do.  The  iwi'rs  of  water  under  tho  laterals  operate  on  tb 
hour  system,  eai-h  sliiire  owned  by  any  farmer  entitling  him  to  so  man; 
hours'  run  of  the  entire  flow  of  the  ditch.  Thiu  rotation  in  use  is  tb 
In-sI  and  most  econoinieitl  method  of  distribution  which  they  oouli 
adiipt  under  pn-senl  conditions. 


The  totid  area  irri|^ted  under  the  Mesa  Canal  approximates  1S,OOI 
ucre.>i  of  land  es|H>(-ially  well  adapted  to  th«  growth  of  fruit  and  rege 
t»bli-s.  us  well  as  the  more  stiiph-  crops  of  grain,  sorghum,  al&lfa,  etc 
(Pis.  XXXll  and  XXXIII.)  This  iii-ea  is  not  all  under  a  high  stab 
of  cult  tvat  ion.  a  coiisidembte  portion  of  it  In-ing  farmed  only  for  grab 
crops  during  the  winter,  Theati  cro]>s.  iM-ing  diversified,  require  dif 
fen>nt  ({uuntities  of  water,  and  such  water  at  ditferent  aeasona  of  Um 
year,  (imin  ts  usually  put  in  during  OelolKr  and  November,  and  Ii 
irrigated  {leriiKlieally  until  the  following  May.  Alfalfa  ia  alw>  Irri 
gated  more  extensively  during  this  season,  though  this  is  idmpty  n 
iu-«i>nnt  of  the  larger  water  supply.  Kruit  rotjuires  more  water  in  tbi 
xpring  and  sunnner  months. 

The  liibles  show  the  flow  in  Mesa  Canal  for  the  years  1896,  1897 

and  IrsiiiS.     It  will  be  seen  by  observing  the  column  uf  mean  flow  tlia 

the  HenMni  of  high  water  is  between  the  months  of  January  and  May 

f  '\  This  is  invariably  Ihc  rule,  during  which  period  immense  volnmes  o 

'pjjl  water  gonerally  run  to  waste  down  the  .Silt  River.    At  no  place  woul( 

d  '  the  giviit  adviintjige  of  a  rewivoir  us  an  eiiiailizer  of  flow  be  bettei 

appreciated  than  in  thiti  valley. 


S  t>>|it  Df  A|i.,  Bui,  M,  Dfllsa  of  Eipl  Stitlen, 


PLATE  XXXIt. 
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Fig,  i.-ViEw  Of  *  Stock  Ranch  st  Mesa,  Ari 
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Flow  of  Mesa  Carud  for  ilui  ymrn  1890,  1807^  and  IHUH. 


Month. 

Maximum. 

Miniiniiin. 

M«itti. 

Culric/efl 
persecf/nd. 
117.25 
79.05 
159.11 
165.50 
70.0 
20.9 
88.  &t 
118.8 
107.31 
95.29 
73.59 
76.57 

Arre'M. 

4.517.0 
9,7'«.2 
9,M>».0 
4,9M.O 
1,243.0 
5,450.2 
7.3M.0 
6.385.x 
5,VJ».l 
4,378.  fc 
4«  708.0 

KajijU::. 

1896. 
JaflUAIT  .«.> 

Cuhicjert 
per  second. 
175.0 
132.5 
175.0 
210.25 
128.75 
34.9 
200.0 
175.0 
175.0 
213.55 
214.75 
115.3 

Cubiejeet 
}>er  second. 
76.0 
18. 75 
102.5 
117.05 
34.9 
12.0 
9.95 
52.475 
54.425 
64.726 
63.10 
50.8 

Febniftiy .  -  r    -  - - 

.«& 

March   ' 

,«• 

April 

.w 

May 

June 

J  Ul  V 

4.4U 

Auiout 

,» 

September 

.87 

Octot>er 

2.1k 

November 

.*6 

December 

.Co 

Total  for  the  year 

97.66 

71,020.6 

V  S3 

1897. 
January 

150.0 

169.55 

175.0 

175.0 

175.0 

90.7 

41.875 
175.0 
175.0 
175.0 

65.375 

W.475 

66.6 

150.0 

112.5 

150.0 
73.55 
16.75 
4.4 

13.075 
31.25 
12. 1-25 
8.5 
43.625 

76.10 

159.62 

151.61 

140.0 

146.08 

42.02 

15.21 

76.46 

101.85 

87.01 

45.78 

65.74 

4.750.4 
8,864.8 
9.322.5 
8,330.5 
8,979.0 
2,500.3 

985.2  • 
4,701.3 
6,239.0 
5,350.0 
2,724.0 
4,012.1 

:;.cr 

.Tt> 

March 

LCS 

May 

.16 

1.W 

July 

.S3 

2.21 

Sentember 

1.35 

1.10 

November 

.30 

92.56 

66.739.1 

7.010.8 
9,008.1 
8,98L7 
8,211.5 
3,795.6 
1,357.8 
5.746.6 
4.927.6 
3,465.7 
1.082.1 
1,926.1 
5,211.7 

12.58 

1898. 
January 

194.3 

175.0 

200.0 

194.9 

121.3 
62.45 

176.0 

207.5 

175.0 
37.426 
62.675 

176.0 

66.7 
106.25 
84.7 
90.25 
18.16 
10.35 
8.025 
24.25 
16.825 
15.0 
23.55 
40.0 

114.02 

162,20 

145.31 

138.0 

61.73 

22.82 

98.46 

80.14 

58.24 

17.60 

32.37 

84.76 

1  0& 

March 

.44 

10 

May 

.12 

July 

.95 

1.10 

September 

October 

November 

-TD 

December 

2.39 

Total  for  the  year 

81.22 

60,678.3 

6.85 

• 

The  area  irrigated  under  the  canal  in  each  of  these  three  years  is 
estimated  at  12,000  acres.  Upon  that  basis  the  preceding  tables  show 
the  following  duty  of  water: 

Duty  of  VKiter  under  Mem  Canal,  189(),  1897,  1898. 


Area  irrigated acres. 

DlflChaiKe  of  canal acre-feet. 


1896. 

12,000 
71,020 

1897. 

12,000 
66,739 

Discharge  per  acre  irrigated 

EMimated  loss  from  waste,  seepage,  and  evaporation,  30  per  cent. 


Depth  of  Irrigation feet. 

Kainfall do.. 

Total  depth  of  water  received  by  land do. . 


6.91 
1.77 

6.55 
1.66 

4.14 

.78 

3.89 
1.04 

4.92 


Acres  served  by  a  contlnuouH  flow  of  1  cubic  foot  per  necond  ^ j      V£,\ 

Acres  served  by  a  continuoiu  flow  of  1  miner's  inch  >  3. 07 


1  For  3(i5  duys. 


4.93 


130 
3.25 


1898. 


12,000 
60.678 


5.01 
1.50 


8.51 
.57 


4.08 


145 
3.62 
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The  results  nhown  in  the  above  table  would  be  very  satisfiBctuiy  if 
the  12,000  acTeH  were  in  a  constant  state  of  high  cultivation,  prodiuniig 
maximum  crops  at  ail  periods.    This  is  not  the  case,  liowever,  as  but 
little  water  is  used  on  alfalfa  during  low  stages  of  the  river,  and  the 
farmer  thus  loses  from  one  to  two  crops  that  could  be  easily  grown  had 
he  sufficient  water  during  the  summer  season.    This  same  state  of 
affairs  exists  throughout  the  valley  generally,  but  the  great  productive- 
ness of  the  soil,  in  response  to  the  few  extra  irrigations  afforded  by 
reason  of  our  occ^a^ional  summer  floods,  makes  the  showing  far  better 
than  in  many  pla(^es  where  the  water  supply  is  more  abundant*     It  is 
fair  to  assume  that  could  the  present  annual  discharge  of  the  oanal  be 
evenly  distributed  throughout  the  different  months  of  the  year  and  be 
delivered  in  unifonn  heads  under  a  system  whereby  the  farmer  would 
l>e  obliged  to  practice  ec^onomic^l  irrigation,  its  duty  would  not  only 
be  increased,  but  maximum  croj>s  would  be  insured. 

I  have  estimatiKl  the  loss  from  p(^rcolation,  evaporation,  and  waste 
to  l>e  fully  30  per  cent  of  the  amount  shown  at  the  gage.  This  seems 
very  high,  but  in  the  opinion  of  the  writer  it  is  a  fair  estimate  con- 
sidering the  degree  of  heat  experienced  during  the  summer  months, 
the  wasteful  methods  of  irrigtition  pnu*ticed  during  periods  of  high 
water,  and  the  great  wastes  caused  by  furnishing  water  to  stock  during 
low  stages  of  the  river.  Judge  Kibbey,  in  his  decision,  expressed  him- 
8<*lf  very  forcibly  on  this  latter  practice.  The  following  is  an  extract 
from  his  decision : 


No  man  liaH  a  right  to  waflt<^^  a  drop  of  water.     Any  oxcchb  of  water  that  he 
and  waKti^ri  by  careU^mneHH,  ntyli^'ncc,  or  i^norancv  of  e(*r>nomic  methods  of  culti- 
vation or  irrigation,  or  fuihiro  to  adopt  thoui,  ht^  unlawfully  divcrta. 

It  a]){H»ra  from  the  cvidtMKv  in  tliiH  isae  that  lar^*  <|uantitit>H  of  water  are  allowed 
to  flow  in  the  varioUH  canaln  and  ditrhoH  U)  HUpply  ntiK^k  with  water.  This  neee0- 
Barily  involvcH  a  great  wattte  of  wator.  At  a  Hniall  (*Htiniate  I  nhould  think  the  evi- 
dciuv  diMcloHen  an  amount  of  wator  wantiMl  thuH  Huflirient,  if  pnoperly  applied  to 
irrigati<m,  to  make  pnxhu'tive  1(),00()  acn^  of  lan<l.  The  amount  of  water  actually 
conmmRHl  by  ntiK'k  in  iuHignificant.  The  Iohh  \»  that  due  t<i  eva(N)ration  and  seepage 
in  \\h  long  paHHagi*  thn)Ug)i  tlie  variouH  iranuln  und  the  mileH  of  suMdiary  ditches. 
ThiH  He<'mH  to  me  to  Ih'  an  unreaf«ona>)1e  \\m}  of  water.  I  do  not  mean  to  deny  the 
right  of  the  um;  of  watt^  for  Ht^x'k,  for  it  ban  alwayu  Ihimi  a  n'ex)gnized  use,  like  that 
for  donu^itie  ])uri>oM%  but  it  can  not,  I  think,  U'  diverUMl  from  it^  original  course  for 
that  puqH)H(*.  It  haHalwavH  Ikh^u  the  law  that  ntiK'k  and  the  public  (x>uld  drink  from 
a  water  <rourHi',  ))ut  not  to  imiKHle  its  flow  or  <liminiHh  itti  quantity  for  that  purpuee. 
luHtead,  I  eonnider  the  law  to  Ih.*,  of  bringing  the  water  from  a  natural  water  course 
a  long  diHtanct;  by  meana  neccHHarily  involving  an  enormouH  pn)|>ortionate  waste  to 
water  ntock,  the  Htoek  munt  1)e  taken  to  the  natural  wati^r  eounne  to  drink  or  other- 
wiHe  i)rovided  for.  If  the  water  \h*.  in  the  diti'heM  on  a  man'H  ranch  in  the  coune  of 
application  direilly  to  irrigation,  it  might  Ih*  {K'nuitt^nl  to  allow  Htock  to  drink  from 
it,  but  it  iri  an  unn^atfonable  une  of  it  to  ])ermit  waU^r  to  Ix^  in  the  ditches  for  that 
pnriK)H(^  alone. 

This  sUites  the  situation  very  cb^irly,  hut  unfortunately  this  portion 
of  tho  KiblM\v  (lecirtum  \s  woV  vn\U^Ye\H\.    'Wv\\V\\  A\v>v\^  Vv^.  v*  the  opin- 
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ion  of  all  who  have  the  best  interests  of  the  valley  at  heart.  The  cost 
of  a  well  and  pumping  plant  is  not  great,  and  each  farmer  should  be 
supplied  with  one.  The  company  with  which  the  writer  is  connected 
furnished  1,000  head  of  stock  with  excellent  water  for  several  years 
with  a  well  pump  and  horsepower  that  did  not  cost  over  $200.  The 
lift  was  about  46  feet,  but  it  only  required  four  or  five  hours'  work 
each  day  on  the  part  of  an  inexpensive  mule  to  keep  the  cattle  well 
supplied  with  water  even  during  the  hottest  weather.  It  is  needless 
to  say  that  the  fresh  water  thus  pumped  daily  was  infinitely  better  for 
the  cattle  than  that  furnished  from  malaria-breeding  mud  tanks. 

A  few  of  our  progressive  farmers  have  put  in  windmills  for  stock 
purposes,  and  while  the  winds  in  this  section  are  quite  light,  the 
results  for  the  most  part  have  been  very  satisfactory.  Mons  EUing- 
son,  who  has  a  cattle  ranch  several  miles  southwest  of  Mesa,  states 
that  he  watered  several  hundred  head  of  cattle  by  means  of  his  wind- 
mill. A  mill  with  horsepower  attachment  would  perhaps  be  moi'e 
desirable  for  those  who  could  afford  the  outlay.  The  average  monthly 
velocity  of  the  wind,  according  to  the  records  of  the  weather  observer 
in  Phoenix,  will  not  exceed  5  miles  per  hour  at  a  height  of  57  feet 
above  the  ground;  it  would  perhaps  be  higher  on  farms  and  ranches 
that  present  a  considerable  unobstructed  area.  It  is  essential  to 
have  a  good  storage  tank  of  some  kind,  in  event  of  either  windmill  or 
horsepower.  Dr.  A.  J.  Chandler  has  an  excellent  tank  and  watering 
trough  combined  on  one  of  his  ranches  south  of  Mesa;  it  consists  of  a 
100-foot  section  of  a  semicircular  redwood  stave  flume  with  ends  in, 
banded  every  few  feet  with  iron  hoops,  which  connect  to  cross  pieces 
of  4  by  4  timber.  The  trough  is  6  feet  across  and  holds  about  10,000 
gallons.  Fifty  or  more  head  of  cattle  can  drink  at  once  from  the 
tank.     As  it  is  always  kept  wet,  the  lumber  will  last  indefinitely. 

Judge  Kibbey  also  referred  to  the  loss  due  to  seepage  and  evapora- 
tion in  the  many  miles  of  canals  and  laterals.  This  is  one  of  the 
greatest  sources  of  waste  we  have  to  contend  with,  as  each  canal  and 
lateral  while  carrying  small  heads  loses  an  amount  of  water  by  seep- 
age out  of  proportion  to  the  amount  carried.  Thus  the  Mesa  Canal 
has  a  wetted  perimeter  of  17  feet  when  carrying  only  500  inches; 
when  carrying  5,000  inches  the  perimeter  or  surface  exposed  to  seep- 
age will  not  exceed  22  feet.  The  Arizona  Canal,  with  a  bottom  width 
of  30  feet,  loses  by  seepage  and  evaporation  approximately  30  inches 
per  mile  when  carrying  the  ordinary  summer  supply,  notwithstanding 
that  it  has  an  excellent  cross  section  and  is  lined  with  a  coating  of  silt 
that  is  almost  impervious  to  water.  This  loss  would  be  increased  but 
very  little  with  double  the  amount  of  water  in  the  canal,  and  what  is 
true  in  this  instance  of  course  holds  good  for  smaller  canals  and  lat- 
erals. The  efficiency  of  the  summer  supply  would  be  largely  increased 
if  the  respective  (*anal  owners  could  ^ntj^r  vcvto  wrc^Ti^««EL<Ko\»  ns^ms-c^^o^ 
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they  might  receivo  a  hirger  supply  of  water  for  a  shorter  time  by  pur- 
suing a  system  of  rotation  during  stages  of  low  water  in  the  river. 

0BSEBVATI0N8  ON  DUTY  OF  WATB&  IH  1890. 

The  obsoiTations  as  given  al)ove  are  c^lone  approximations  for  the 
years  stated,  )>ut  are  more  general  in  their  character  than  thoee  begun 
in  181MK  under  the  direction  of  Professor  Mead,  irrigation  expert  in 
charge. 

The  purpose^  of  the  latter  was  to  determine  the  actual  volume  of 
water  used  on  a  given  area.  Six  thousand  acres  irrigated  from  the 
Mesa  Canal  was  the  area  chosen.  As  canals  vary  in  depth  from  day 
to  day  and  sometimes  from  hour  to  hour,  it  was  necessary  to  have  a 
C4)ntinuous  record  of  the  depth  of  watt^r  passing  through  the  canal. 
This  was  secured  )>v  placing  a  self-recording  register  in  the  canal  one- 
half  mile  l>clow  where  its  water  supply  is  delivered  by  the  Consolidated 
Ctinal.  The  instrum<*nt  was  started  on  April  2  of  18t>9,  and  accurately 
re(*orded  th<»  gauge  Headings  from  that  date  until  October  1,  the  close 
of  the  oKsc^rvations  for  the  y<»ar.  It  continues  to  record  flow  since 
that  date,  the  data  thus  obtained  to  1m»  used  in  future  reports. 

The  following  is  tJie  lUTcage  of  the  different  <!rops  grown: 

Acra. 

Alfalfa 4,102.00 

Grain S06.50 

Grain  and  alfalfa 443.75 

Fniit,  vineyanln,  on'hanln,  etc 509. 00 

Vi'gctabk's 32. 76 

Total 5,054.00 

In  addition  to  the  ahovt*  acrejige  there  were  a  number  of  trees,  small 
lawns,  and  garden  patches  watc»n*d  in  the  townsiU*,  of  Mesa,  which  are 
not  included  in  this  re]>ort,  hut  which  would  e^isil}'  swell  the  total  to 
6,(MM)acr<»s. 

The  amount  of  water  for  tliis  tract  that  passed  the  rating  station 
previ(ms  to  jnitting  in  tlie  register,  according  to  daily  records  on  file, 
was  10,<K^2  acre-fe<»t.  Th(»  amount  from  April  2  to  Octolx^r  1,  as  per 
recording  instrum(?nt,  is  tiilnilatcd  as  follows: 
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Discharge  of  Mesa  Canals  January  1  to  September  SOy  1899. 

[See  diagram,  PI.  VI,  p.  72.] 


Day. 

April. 

May. 

June. 

July. 

August. 

September. 

1 

Acre-feet. 

Acre-feet. 
72.2547 
73.3839 
74.7554 
60.2645 
65.0132 
64.5421 
66.3339 
64.7006 
55.3058 
49.3074 
82.4645 
40.8099 
64.3835 
45.0248 
85.5124 
87.9653 
84.6733 
35.2231 
27.5868 
80.8711 
88.4331 
35.2033 
37.3868 
36. 4529 
82.5537 
32.7207 
31.9036 
36.6296 
35.2397 
42.9537 
30. 1818 

Acre-feet. 
29.5917 
37.5967 
66.5421 
44.1736 
89.8314 
41.4744 
82.5240 
26.0060 
87. 1818 
85.0099 
29.9934 
25.8347 
26.5008 
21.5902 
20.8060 
19.8909 
21.4068 
84.1636 
24.2975 
31.8843 
27^8669 
27.1721 
83.4479 
21.3521 
42.8273 
80.7471 
28.8182 
23.0413 
34.4463 
28.4182 

Acre-feet. 

28.1836 

23.2562 

20.3636 

23.5240 

21.8959 

24.4810 

22. 1752 

21.7587 

26.7025 

32.7488 

47.6969 

57.2512 

104.7686 

62.6182 

58.5438 

57.6430 

75.8479 

95.9488 

103.3636 

114.2860 

75. 1702 

138.0562 

153.0595 

147.3190 

119.6959 

152.8114 

98.8063 

141.1488 

233.1140 

240.5504 

253.0942 

Acre-feet. 

268.2976 

242*0081 

229.2942 

80.5963 

248.0149 

227.4149 

189.8628 

156.6215 

133.0149 

107.6397 

49.6058 

58.1488 

67.3654 

65.4017 

99.1851 

98.0610 

58.6264 

84.3025 

81.5658 

35.2()78 

34.3521 

25.6661 

30.9256 

23.3256 

18.3669 

17.2760 

17.2760 

20.9603 

20.6678 

29.8926 

40.9769 

Acre-feet. 
89.0679 

2 

36.6876 

110.0446 

119.7696 

128.6091 

131.7355 

139.3202 

142.5769 

135.4661 

129.4475 

135.1851 

137.7620 

139.1405 

132.9769 

121.4876 

119.4612 

139.8066 

144.2496 

141.6446 

132.9488 

135.9074 

130.5806 

117. 7124 

106.6628 

99.8446 

95.8388 

99.8296 

95.1355 

90.5570 

86.8760 

40.5228 

8 

88.1934 

4 

28.8240 

5 

21.6291 

6 

19.5695 

7 

124.9570 

8 

235.1836 

9 

187.7663 

10 

135.8926 

11 

62.2347 

12 

41.0529 

18 

63.4017 

14 

45.7620 

15 

82.3223 

16 

24.4909 

17 

25.7256 

18 

20.6479 

19 

20.0777 

26. 4017 

21 

27.6397 

26.3006 

23 

80.4463 

82.2215 

25 

82.6281 

31.1603 

27 

33.1669 

32. 4060 

29 

33.3818 

25.6264 

31 

Total 

3,478.6149 

1,389.9455 

983.4367 

2,769.8843 

2,744.8926 

1.523.0688 

Flow  from  January  1  to  April  1  (from  daily  gauge  read-     Acre-feet. 

ings) 10,032.0000 

Flow  from  April  2  to  September  30  (from  raster  sheets) .  12, 839. 8627 

Total  flow  from  January  1  to  September  30,  1899 ...  22, 871. 8627 

The  monthly  precipitation  at  Mesa  for  the  year  1899,  as  measured 
by  the  United  States  Weather  Bureau,  was  as  follows: 


Foot. 

January 0. 1 1 

February 03 

March T 

April T 

May 00 

June 06 


Foot. 

July 0.11 

August 03 

September 06 


.40 
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The  data  given  above  show  the  following  duty  of  water  for  1899: 

Duly  of  water  under  Meaa  Oomal^  1899, 

Aroa  irrigated .acroB..     6» OOO 

Dischanve  of  canal acre-feet. .  22, 872 

Dischaiige  per  acre  irrigated do...       8.81 

Eetimaterl  low  from  seepage,  waste,  and  evaporation,  25  per 
cent foot..        .  95 

Depth  of  irrigation feet. .      2. 86 

Depth  of  rainfall do. . .        .40 

Total  depth  of  water  received  by  land do...      3. 26 

It  will  be  noted  that  the  estimate  of  loss  in  the  above  table  is  but  85 
per  cent.  Thin  is  bemuse  the  rating  station  is  several  miles  nearer  the 
irrigated  area  than  is  the  coniuiisHionor^s  gauge,  from  which  the  data 
previous  to  181)9  were  obtained,  the  commissioner's  gauge  being  about 
8  miles  from  the  center  of  the  irrigated  area. 

The  supply  of  water  in  Salt  River  for  1899  has  been  much  below  the 
average.  Mr.  Trott  estimates  that  the  combined  daily  flow  in  the 
canals  of  the  valley  for  tlie  present  year  to  October  1  has  been  10,000 
miner's  inches  less  than  the  average  daily  flow  for  the  past  five  years, 
and  the  figures  K^ving  the  daily  flow  show  the  variable  water  supply. 
The  rainfall  was  also  very  small. 

The  total  depth  applied  from  January  1  to  October  1  is  2.86  feet, 
and  the  yield  from  the  6,()0<)  iu»res  can  l>e  said  to  have  been  wholly  pro- 
duced by  this  amount  of  water  plus  the  rainfall  of  4.69  inches,  although 
this  does  not  include  tlic  entire  year  or  the  entire  period  in  which  water 
is  used;  but  in  a  region  wheiH^  cultivation  and  production  never  end, 
and  where  there  is  no  distinction  Iwtween  seedtime  and  harvest  such 
as  exists  in  Northern  climates,  there  has  to  Ikj  some  arbitrary  point 
for  beginning.  The  one  chosen  is  as  satisfactory  as  if  it  included  the 
entire  twelve  months,  l>ecHuse  the  value  of  the  crops  on  January  1, 
when  investigations  began,  did  not  differ  largely  from  their  value  on 
Octo}M»r  1,  when  observations  for  this  year  closed,  and  in  recording 
yields  for  the  season  just  pist  the  value  of  the  crops  on  October  1  has 
not  ))een  taken  into  consideration. 

Tlie  writ4>r  found  it  no  ejtsy  task  to  obtain  the  acreage  and  yield  of 
6,(H)0  jicres  of  diversified  <-rops.  Many  of  the  letters  sent  out  were  not 
answered,  so  that  finally  it  })ecanie  necessary  to  employ  a  cranvasser, 
who  personally  interviewed  all  delin<iuents.  This  plan  proved  more 
expeditious  and  accuniti*,  though  more  exptMisive. 

The  yields  given  can  not  lie  considered  more  than  a  close  appixixima- 
tion,  for  the  reason  that  few  farmers  keep  a  close  record  of  their 
crops  and  [lastumge. 
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Aj^prtamaU  yield  Jnm  6,000  aeret  under  the  Meia  Qmai,  Janaary  1  to  Oiiober  1,  1899. 


(4  per  con 

(007  por  pound... 
»1  per  owl 


Armond^ do.... 

Knn  (desleti'  esUnutc>  . 
PoultiT  (nhtppem'  ntlnirii 
Vtynvs  (ftfalpFen/  efltimnti 
llUk  toMh  p>Ud  by  crvuui 


10.02  per  ponod 

ID.ffljier  ptiund 

n.lOBper  pound... 

10.01  p«c  pound — 

10.02  per  pound 


n,02  per  pound... 

ID.03  per  pound. . . 
|a.<K  per  pound... 
10.17 per diuea  ... 


Id  makiiigf  up  the  above  statement  of  yields  we  have  endeavored  to 
make  a  conservative  estimate.  Aa  before  stated,  but  few  of  the  farmers 
kept  books,  most  of  them  depending  largely  on  memory  for  estimate 
of  yield.  There  was  also  a  suspicion  among  a  few  of  the  farmers  that 
the  assessor  would  in  some  manner  obtain  the  data  thus  given  and  use 
it  to  their  future  disadvantage.  On  the  whole,  however,  it  is  as  close 
an  estimate  of  yield  as  it  is  possible  to  obtain,  and  the  error,  if  aoy, 
is  in  placing  the  yield  too  low. 

The  gross  income  per  acre  for  the  first  eight  months  of  1899  accord- 
ing to  this  statement  would  be  $12.87.  This  is  not  large,  owing  to 
the  returns  from  the  skillfully  farmed  lands  being  merged  with  those 
from  lands  that  were  poorly  taken  care  of.  The  return  from  Mesa 
lands  is  in  proportion  to  the  labor  and  skill  exercised  in  their  cultiva- 
tion, and  in  examining  these  statistics  it  was  a  common  thing  to  find 
tracts  that  produced  double  the  amounts  of  the  adjoining  farms. 
Almond,  peach,  pear,  and  apricot  orchards,  vineyards,  and  gardeners* 
tracts  when  well  handled  produced  yields  per  acre  varying  from  $20 
to  over  $100,  though  there  were  also  a  number  of  small,  ill-kept 
orchards  that  were  not  worthy  of  the  name.  It  must  be  borne  in  mind 
that  these  returns  are  for  but  eight  months  of  the  year  and  that  the 
lands  in  the  Salt  River  Valley  produce  to  a  greater  or  less  extent 
throughout  the  entire  twelve  months. 

APPROXIMATE   VALUE   OF   EACH    ACHE-POOT   OP  WATER   APPLIED. 

The  actual  cash  cost  per  acre-foot. — In  various  irrigated  States  and 
Territories  the  relation  between  the  acre-foot  of  water  and  its  actual 
cash  value  when  properly  applied  to  land  is  one  of  the  most  impor- 
tant factors  in  estimating  either  the  probable  return  from  canals  or  ttie 
benefits  to  come  from  the  construction  of  storage  reservoirs. 
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To  irrigate  the  (),000  acres  of  Mesa  land  from  Janiui,ry  1  to  October 
1,  ISi^),  required  22,872  acre-feet  of  water.  Diiriding  the  latter 
amount  into  the  total  value  of  yield  in  dollars  and  cents  (^77,203.39) 
gives  ^-{.37  as  the  return  fmrn  each  acre-foot  used.  It  is  evident 
that  with  a  regular  supply  of  water,  which  could  be  furnished  by  the 
const niction  of  storage  reservoii's,  the  value  of  an  acre-foot  would  be 
much  higher. 

Many  of  the  farmers  in  giving  their  yields  affirmed  that  their  prod- 
ucts would  have  Ix'on  double  if  the  same  amount  of  water  could  have 
1)een  delivcnnl  to  them  in  uniform  heads,  according  to  the  wants  of 
the  (Tops.  This  approximate  gross  value  per  acre-foot  will  give  some 
ide«  of  what  a  sourc^e  of  potential  wealth  to  the  Salt  River  Valley 
exists  in  the  '^Toiito  Basin  Reservoir." 

In  individual  instalu*(^s  the  return  was  much  in  excess  of  that  above 
given  for  common  div(»rsili<»d  farming.  The  i*eturns  from  the  Trippell 
almond  orchard  gave  over  ^M)  iK»r  acre-foot  applie^l,  and  In  gardening 
and  melon  culture  the  value  wits  even  higher,  though,  unfortunately, 
tracts  of  land  so  utilized  did  not  (*ome  under  the  tield  of  this  year's 
investigations.  Th(^  returns  from  the  orange  on^hards  are  not  included 
in  this  re|K)rt,  since  they  arc  not  on  the  market  until  late  in  November. 
This  hninch  of  horticulture  on  the  Mesji  lands  l)eing  still  in  its  infancy, 
the  yield  and  the  conse<|uent  protitfrom  the  same  is  not  yet  large,  but 
orchardists  are  looking  with  conlidence  for  a  brighter  future.  The 
valley  produces  an  (^\cellcnt  orange,  and  the  fact  that  they  can  he  sent 
to  market  s(»venil  weeks  earlier  than  oth<»r  oranges,  gives  pi-omise  of  a 
value  i)er  acre-foot  for  water  far  in  excess  of  any  product  mentioned 
in  this  re|)ort.  k 

APPKOXIMATK   COST  <»F    WATKK   VVAi   ACU«C-FOOT.  0^^ 


Tht»  number  of  shares  in  tlie  Mesa  Canal  represented  on  the  6,000 
acres  of  land  was  2M,  These  shanks  have  a  jmr  value  of  $250  each, 
and  at  present  are  selling  at  ^^)iH).  Kstimatmg  the  investment  at  the 
latter  enhanced  valuation,  the  cost  per  share  for  eight  months,  includ- 
ing interest,  would  )k»  as  follows: 

Ten  ner  ami  on  value  of  nhan^ $33. 32 

OiK*ratin>r  canal 12. 00)  ^V  * 

Maintenance  of  laterals 4. 00 V  ^-r 

Total  cost 49. 32 

This  giv(»s  a  total  charge  for  the  2134  shares  of  1)^11,540.88,  or  a  cost 
for  the  22,872  acre-feet  of  5*)  cents  per  acre-foot  of  water  applied.  This 
is  reasonable,  and  is  made  so  especially  Iwcauseof  a  favorable  contract 
with  the  Consolidated  Canal  C'ompany.  whereby  the  Mesa  farmerH  are 
relieved  of  the  burdt^n  of  maintaining  an  unstable  dam  and  headgats* 
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DUTY   OF   WATER  ON   GRAIN   FIELD   AND  YIELD   FROM   SAME. 

A  careful  calculation  was  made  of  the  water  furnished  certain  land 
under  a  lateral  supplied  with  a  rating  station.  The  farmer,  Mr.  John 
Vance,  of  Mesa,  sowed  123  acres  of  barley  and  alfalfa  together  in 
November,  1898,  sowing,  approximately,  70  pounds  of  barley  to  the 
acre.  He  commenced  irrigating  November  20,  1898,  rotating  with 
other  shareholders  in  his  circuit,  thus  getting  large  streams  for  short 
periods.  He  finished  his  last  irrigation  on  May  14,  1899,  making  a 
total  irrigating  season  of  175  days. 

The  amount  of  water  which  his  shares  represented  at  the  commis- 
sioner's gage  would  have  covered  his  land  to  a  depth  of  2.82  feet. 
Estimating  that  30  per  cent  of  the  water  passing  the  gage  was  lost  in 
seepage,  evaporation,  and  waste,  it  leaves  a  total  depth  applied  of  1.98 
feet.  In  addition  to  this  there  was  a  rainfall  during  the  period  of  4.39 
inches.  The  water  was  well  handled  and  properly  applied,  and  from 
the  showing  made  there  was  evidently  enough  of  it,  though  the  farmer 
would  probably  have  used  more  could  he  have  obtained  it. 

The  harvesting  was  finished  early  in  June.  His  yield  was  2,703  sacks 
of  barley,  averaging  96  pounds  per  sack,  making  a  total  of  256,785 
pounds,  or  2,087.68  pounds  per  acre.  The  value  of  barley  at  harvest 
time  approximated  95  cents  per  hundred  pounds,  giving  a  return  per 
acre  of  $19.83. 

The  farm  was  virgin  soil,  never  having  been  irrigated  }>efore,  unless 
it  was  by  a  prehistoric  race.  The  soil  is  light  alluvial  and  not  con- 
sidered by  many  farmers  as  being  so  well  adapted  to  grain  raising  as 
the  heavier  soils  in  other  sections  of  the  Mesa  country.  The  net  profit, 
after  allowing  for  wages  and  paying  for  all  Larve^ting,  will  closely 
approximate  $1,400,  and  in  addition  an  excellent  stand  of  alfalfa  is  on 
the  ground. 

The  gross  income  from  the  above  123  acres  was  at  the  i-ate  of  $19.83 
per  acre,  and  this  return  was  reaped  in  about  six  months.  The  amount 
of  water  used  was  344.86  acre-feet,  giving  an  approximate  gross  value 
of  $7  per  acre-foot  applied.  The  difference  in  this  value  per  acre-foot 
and  the  one  previously  given  is  more  than  100  per  cent,  and  illustrates 
the  point  before  made  that  some  lands  produced  double  the  amount  of 
adjoining  farms,  for  the  simple  reason  that  they  were  properly  handled. 

The  above  is  a  larger  yield  than  is  usually  secured  on  virgin  soil, 
but  not  so  large  as  the  average  yield  of  grain  sown  on  old  alfalfa  land, 
which  frequently  averages  over  3,000  pounds  per  acre.  The  minfall 
during  this  period  was  very  light,  necessitating  more  iirigation  than 
would  have  l>een  necessary  if  there  had  been  the  usual  precipitation. 
There  are  instances  when  the  rainfall  has  been  sufficient  to  mature 
grain  crops  with  the  aid  of  one  or  two  irrigations,  but  these  instances 
are  bo  rare  that  they  are  not  to  be  counted  upon.     During  seasons  of 
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hi{r]i  witb'r  then'  ur<t  ulso  iiiiinv  iiiHtantfw  where  the  ftirmer,  in 
Hiixirty  ti>  **  ruMik  u|> "  while  the  WHtcr  liuta,  hs8  nearly  or  quite  niii 
hiw  iTopw  Im'  an  <»v('rmipnlj-. 

HETHODS  07  HAMDLINO  WATER  TO  OBTAXV  OBXATIST 


A>  ro^nls  tho  )M'.st  iiioth<Hlr<  of  handling  water  to  increafie  itaefficiei 
oil  th(^  (■n){>H  iiUivf  (abiiltttt^d,  the  writ4>r  htw  tried  to  obtain  the  vie 
of  pnii-ticiil  hik)  4U4-c(.>sMful  irrigutoDi  of  ozperieDoe  in  their  rari< 
hnes. 


As  n'pmls  horticiiltun'  (nlmondH).  the  followinf;  letter  from  B 
J.  E.  IJi'ttli-r.  who  hiiH  i'hiirj;c  of  the  tino  Trip|»oIl  almond  onihi 
m>«r  Mesa  (I'l.  XXXIII.  iijr.  2.  p.  IK!),  is  Niihmitted: 

MutA,  Aric,  ftdottcr  IS,  tS9i 


Mr.  W.  H.CipR. 
llKAK  S[b:  III  n-plyt. 


ir  rciiiiii'l,  w'liilcl  Hiati-  that  1  iiiu1<l  only  make  an  appn 
iiinti'  i-Hiiiiiiitc  "f  till-  uiiioiiiii  uf  whIit  itHi-cl  iiiiiii-r  Dm-  ]inM-nt  iiyiitttm  of  iliatribnti 
Tliif  nyMlt'iii  in  iiiwli'  in  thr  inicn-Mt  i>f  tlic  HlfHlfii  hihI  iimiii  icniwurH,  cDnHcqiientl; 
avcmtK-  iif  lifty  {ht  <vx\\  of  wntir  fi)r  onliiirilH  i^i  Vmi.  To  olitain  the  Uwt  rvm 
I  wiiiiM  iiri'fiT  III  liuvi-  watiT  lU'  fnIlDw;    111)  iiK-hifi  ]K  Iiiiiiim  tvi\fo  a  month,  or 

Hanic  aiiiKuiit  llii  lioiim  imi'i'  ii  tli.     I  iw  ihi-  fiimiw' Hjtitem  in  irrigation,! 

allow   JUKI  Hitllii'jciil  watiT  lr>  lliiw  ill  iwh  fiimiw  it"  thai  then-  will  tw  no  wi 
water.     Tlx-  HiiialliT  llii-  llnw  tlii'  iUh'Iht  IIk-  |ii'ii<-lnitinn  iutii  thi-  noil,  i 


I'l^ic  if)  thin  \-ai1«y  vaMae  a  I 
water,  aii<t,  fiirthuniiore,  tdi 
I  iif  iiiiii'h  iiiiiM>rtanu'..  Wh 
-  in  of  little  valiie  to  the  tn 
Iter  iTUi  enter  iloL'pIy  into 


The  phnrt  uiiil  fni|ti<'iit  irripitiimi'  hi  iii  nil  tic  inly  in 
of  ut  1.111^  5(1  |ier  ivnt  of  till'  ]>nii-lii'al  ntility  of  Ihi 
thi'  orrlmnlH  »liort  live<l.  The  •'on<lili<i[i  of  Ihc  Hi.il 
the  fiirniwK  iin>  iiiHile  in  liiinl  iirul  chiiihU'I  hoiI,  wHti 
Till-  jrniuiKl  ><lionl<l  1n-  wi-)1  hroki-ii,  h<>  llmt  the  \ 
Kollowint;  the  furrow  with  «  hiil>H.ii].T  would  Ik-  1m-u. 

Fruiu  SepleiiiluT  lo  May  irriiwtion  hIhiuIiI  In-  Io1Iou'<h1  hy  plowinK  or  cultivati 
The  iii.iHt  Ihoniunh  irrit-ation^  an-  iiiaih-  in  tlir  winler,  in  r.r<li*r  to  iwci  the  land  a 
renTV'iiir  tn  Hniijilenienl  the  clioH  Kiijii'ly  in  the  river  in  May  anil  3ruw,  alao  to  b 
the  rootM  from  eoiiiint!  lo  thi'  Hiirfm-e  for  nioi^'lnns  and  hold  theiniltK-p  in  the  gran 
ami  HI.  uvi.id  eluik  t;n>wlh.  It  if  alno  lieiieficinl  in  i-oiijunrlion  witli  "amudgin 
(DieliuililintiiifHnioldvrinKtireH)  for|jnitii'ti<)ii  fniuifniHl,  aiKlineMwntial  toauccM 
almond  eulliin-. 

It.  would  MK-ui  lliat  winter  irripilinn  ii  an  eHHenlinl  tu  the  prmliiction  of  evrtl 
kindfiof  fruit  wii  in  to  trniwiiit:  ulfulfii.  The  owner  of  n  Thoinpwiu  8i!t.>(lIeHK  ftn 
vine>-uril  near  Miwa  MtalcH  that  he  •li'jH'tidii  Inr^i'ly  on  winter  irriiiatioii.  He  gii 
liin  vineH  two  or  tJiree  >!<hk1  waterintft*  durinjt  thin  jierirHl,  ami  In  the  apriiift  and  pai 
mininiiT  ki-ojin  the  snrfai'e  hh  nioii'l  an  ]>o!«ii1>]<'  with  hiii  deen-amcil  water  supply,  cmI 
vutinj;  (hiirouKhly  ihiriii);  the  latter  im-HihI, 

It  wiiiilil  In-  intt^ro-tiiiK  to  know  to  uliut  de|itli  thene  i-opioiv  winter  irrigatio 
i»tnTat»  the  wiil.  The  itennra]  ]>rai-liit<  Mti-ini'  to  In)  to  till  the  tcround  during  tl 
periiKl,  in  tlii)<  way  i>rovidini:  ii  nwrtuir  'o  lidi'  over  the  inontlw  of  lituited  aui^ 
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GRAIN. 

Mr.  II.  S.  Phelps,  a  practical  farmer  of  Mesa,  has  supplied  the 
following  description  of  his  methods  of  irrigating  grain: 

The  ground  should  be  irrigated  thoroughly  by  the  middle  of  October,  then  plowed; 
early  in  Novemlwr  irrigate  it  again  thoroughly,  and  follow  up  as  soon  as  possible 
with  seeiling,  this  in  turn  to  be  directly  followed  with  peg-tooth  harrow.  Two  sub- 
se<iuent  irrigations  will  then  make  a  fine  grain  crop. 

If  there  is  alfalfa  ground  in  addition  to  grain  land,  uae  the  water  provided  by  the 
ditches  on  it  after  the  grain  is  sown,  and  allow  it  to  soak  in  thon)Ughly;  then  when 
the  time  comes  for  irrigating  grain,  the  alfalfa  has  had  plenty  of  water  to  last  it  until 
the  grain  crop  is  taken  care  of. 

Mr.  Phelps  states  that  by  this  irrigation  the  efficiency  of  water  is 
largely  increased,  and  that  one  water  share  in  the  Mesa  Canal  will 
irrigate  in  ordinary  seasons  25  acres  of  grain  and  a  like  tract  of  alfalfa. 
This  plan  might  be  further  improved  by  the  use  of  a  press  drill  seoder. 

ALFALFA. 

In  irrigating  alfalfa,  the  borders  should  be  solidly  built  and  from 
4  to  6  rods  apart,  depending  on  the  intervening  fall  of  land  and  the 
head  of  water  available.  The  head  dit<»hes  should  be  from  three- 
eighths  to  one-half  mile  apart,  also  depending  on  slope  of  country, 
and  should  be  well  constructed,  having  unifonn  cross  section. 

In  irrigating,  it  is  desirable,  when  possible,  to  turn  good  heads  of 
water  between  each  set  of  borders,  so  that  the  quantity  may  be  suffi- 
cient to  spread  quickly  and  unifomily  over  the  intervening  area.  It  is 
a  common  condition  for  the  ''lands"  to  have  poor  and  weak  borders, 
so  that  the  water  which  should  be  confined  between  them  breaks 
through  into  adjoining  lands,  and  a  large  portion  is  wasted  in  indis- 
criminate flooding.  It  is  of  course  primarily  important  that  the  land 
should  be  well  leveled,  but  the  construction  of  substantial  lx)rder8 
enables  the  farmer  to  force  the  water  over  iri*egularities  in  the  surface 
that  would  otherwise  receive  no  irrigation.  This  manner  of  confining 
the  water  is  especially  necessary  in  the  summer  season,  since  when 
the  supply  is  limited  it  enables  the  irrigator  to  spread  it  over  the  sur- 
face more  r-apidly ,  moistens  a  greater  area,  and  reduces  the  chances  of 
scalding  alfalfa  to  a  mininrunr.  Also  during  sumrrrer  floods  it  enables 
farmers  to  push  the  water  rapidly  over  the  surface  and  prevents  the 
heavy  deposit  of  silt  that  would  otherwise  smother  out  closely  cropped 
alfalfa. 

1»ASTURES. 

In  collecting  statistics  of  yields  from  the  6,000  acres,  the  canvasser 
obtained  the  average  number  of  stock  pastured  each  month  from  Jan- 
uary 1  to  October  1,  1899.  One  far-mer,  Mr.  C.  S.  Steward,  rrradethe 
remarkable  showing  of  pasturing  an  average  of  450  head  ot  <i<s^t<k^  W 
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■ 

addition  to  (*uttiiig  a  rrop  of  310  tons  of  alfalfa  from  240  acres  of  land. 
He  stnti's  that  in  handling  water  to  the  best  advantafi;e  in  pasturing 
^jt<x*k,  it  is  advisable  to  have  four  or  five  pastures,  so  tiiat  one  may,  by 
('hanging  (*attlo  from  one  to  another,  irrigate  continuously.  In  the 
winter  and  spring  nionths  he  soaks  his  fields  thoroughly,  allowing  the 
watt'r  to  run  (continuously  in  small  heads.  If  the  water  supply  allows 
him  a  lat<^  spring  irri^ition,  he  cran  subsequently  cut  two  crops  of  hay 
without  further  watering.  He  shifts  his  cattle  from  field  to  field 
while  this  irripition  is  going  on.  After  he  begins  haying  he  allows 
the  (*attle  to  follow  ))ehind,  gleaning  everything  tliat  is  left.  He  states 
that  the  alfalfa  is  in  no  way  injured  by  a  very  close  cropping  in  diy 
weather.  His  suhse(|uent  summer  supply  of  water  (outside  of  flood 
peri(Mls)  is  pushed  as  rapidly  as  possible  over  the  various  fields  to 
moist<Mi  the  surfa<*e,  which  pra(*tiee  tends  to  retain  the  moisture  under 
neatlu  and  this  tides  over  the  intervals  !)etween  more  thorough  irriga- 
tions. Mr.  Steward  could  not  have  made  such  a  rec^ord  in  pasturing 
cattle  had  he  not  been  able  to  kf^ej)  them  all  together.  Had  he  been 
fon*ed  to  divide  them  into  several  Imnches,  the  showing  would  have 
been  much  smaller. 

Mr.  McQu(»en,  who  has  charge  of  a  ranch  on  which  pure-bred 
Galloway  nittle  are  grown  (PI.  XXXIII,  tig.  1,  p.  IIH),  says  that  in 
handling  such  (*attle  the  showing  in  {mstunige  can  not  be  made  so  great, 
owing  to  the  necessity  of  keeping  the  st(K'k  separated  in  different  fields, 
and  that  dividing  the  fields  into  {>astu]*es  of  4(>  acres  is  the  best  plan, 
not  only  for  the  (*attIo,  Init  in  order  to  utili/ea  low  water  supply  to  best 
advant4ig(». 

There  are  other  iH)rtions  of  the  valley  where  a  larger  water  supply 
gives  extraordinary  results  in  pasturagt*  and  alfalfa  raising.  This  is 
nota])ly  the  cas4»  on  the  lands  und4»rtht»Temp4»  Canal,  which  has  one  of 
the  largest  appropriations  of  water  of  any  system  in  the  valley. 

COKN. 

The  writer  is  indebted  to  Mr.  (leorge  S-hornick,  a  successful  it>ni 
raiser,  for  the  following  datii: 

S<*]('ct  ^(kmI  HtHMi^  Hoil  and  HcmmI  it  thnTvm^hly  alxmt  the  middle  of  July.  As  noon 
aH  ])rH4*ti('ablo,  iiHiially  Xhv.  tirnt  or  him'oikI  day  Hiil>H(N|nont  to  irrigation,  beg;in  open- 
tioiiH  ivith  a  coirdMncfl  lister  and  «lrill.  niniiiii^  the  name  a  dopth  of  between  4  and  5 
inrh<»H,  and  tininj;  Kjintcrn  <*orn  for  ntMNi.  CN)rn  will  <'oinc  up  in  thrtv  or  four  day& 
When  it  is  alM>nt  i>  inrhcn  hi^rh,  run  a  tiM»th  harrow  down  each  row,  which  will 
pulveriztMhe  Hurface  of  the  rid^'s  an<l  rake  or  <Miltivat<*  Hiiflicient  fine  soil  aroand 
the  younjr  com  for  th«^  first  ti!n<*.  Then  folic  iw  with  an  irrijration  about  twelve  days 
from  time  of  ])lantin^,  running  water  down  fnrn»wH  lx'twt»en  r*»WH;  follow  irrig;Btion 
with  a  two-horst'  ('nltivatr)r,  pving  the  eoni  a  thonnigh  eultivation,  and  throwing 
the  dirt  to  the  eorn.  <io  throujrh  thi'  same  priM-rss  ev«Ty  twelve  dayfl  until  the  com 
w  to<j  lanre  to  enltivate.  Tt  will  In*  fonnd  that  eorn  ean  Ix'  harrowed  once  and  ccdti* 
VHtrd  alKjut  tlinr  timen  \H»i<>Ti'  \\  \s  V>vAv!itvlv. 
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It  will  be  noted  that  the  time  for  seeding  is  about  July  15,  which 
allows  corn  to  be  taken  care  of  during  periods  of  low  water.  There 
were  times  when  Mr.  Schornick's  supply  was  very  limited  indeed,  but 
small  as  it  was  he  always  made  some  progress,  owing  to  the  plan  of 
furrow  irrigation,  which  greatly  increases  the  efficiency  of  the  water. 

The  metliods  of  furrow  or  subirrigation  should  be  followed  when- 
ever possible,  not  only  on  account  of  the  great  saving  of  water,  but 
also  for  the  more  profitable  yields  assured.  Even  alfalfa  grows  better 
on  top  of  the  borders. 

MELONS. 

Mr.  J.  Holdren,  of  Mesa,  has  attained  great  succass  in  growing  the 
Georgia  watermelon  and  the  Rockyford  canteloupe.  He  shipped  the 
latter  to  many  portions  of  the  United  States,  including  New  York 
City. 

The  Mesa  farmers  have  not  entered  into  melon  culture  on  the  scale 
of  the  farmers  in  the  vicinity  of  Phoenix,  but  the  showing  this  y^r 
has  been  so  satisfactory  that  their  culture  is  likely  to  increase. 

Mr.  Holdren  states  that  in  gardening  and  melon  culture  the  prin- 
cipal factor  for  economical  irrigation  is  thorough  cultivation  at  just 
the  time  when  the  soil  is  in  proper  condition.  This  latter  knowledge 
can  be  gained  only  by  experience,  on  account  of  the  great  variety  of 
soils.  He  further  states  that  careful  preparation  of  the  ground  before 
planting  is  the  foundation  of  success.  Use  the  furrow  method  of 
irrigation,  water  every  ten  or  twelve  days  until  melons  are  growing, 
then  every  five  or  six  days  if  possible,  cultivate  after  each  irrigation 
until  vines  cover  the  ground,  and  never  flood  the  soil  after  planting. 

For  successful  gardening  and  melon  culture  it  is  essential  to  use 
water  according  to  the  demands  of  the  crop.  Fortunately,  owing  to 
the  system  of  furrow  irrigation  employed,  it  is  possible  to  make  con- 
siderable progress  during  ''a  turn,"  even  in  periods  of  low  water,  but 
the  greatest  difficulty  is  in  obtaining  the  water  with  sufficient  fre- 
quency during  the  summer  months.  Under  some  of  the  Mesa  laterals, 
where  there  are  a  large  number  of  shares,  the  "turns"  are  ten  or 
twelve  days  apart  during  the  low- water  period,  and  crops  often  suffer 
between  turns.  It  will  be  noted  that  Mr.  Holdren  recommends  irri- 
gating melons  every  five  or  six  days,  if  possible,  after  they  have 
reached  a  certain  stage. 

PUMPING    WATER. 

If  the  gardener  could  afford  a  small  gasoline  pumping  plant,  to  pro- 
vide a  supplemental  supply  from  wells,  it  would  remove  the  element 
of  uncertainty  above  mentioned.  A  pumping  plant  of  this  character 
could  also  be  used  to  good  advantage  as  a  supplemental  supply  to 
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viiieyanlsHiid  for  oniii^o  Hiid  almond  orchards.  There  is  an  abund- 
nnro  of  iiiidor^romid  wtitor  in  thin  vicinity  which  oould  be  deTelcqied. 
Th(*  Coiisoli(livt4Ml  Ciiinil  Company  ban  a  well  at  their  power  house 
(PI.  XXXTV)  from  whi4*h  they  pump  150  inches  of  water  for  irrigat- 
ji  iiig  pur|H)S(^^  for  lands  in  tho  vicinity.    The  well  b  8  by  16  feet,  hori- 

I  /ontal  rross  s(H*tif)ii,  and  is  80  foot  deep.    Surface  water  waa  found  at 

I  a  doptli  of  only  s  ftu^t  l>olow  ground  lovol.    This  well  is  sitaafeed  at 

tlu*  f(H>t  of  tho  Mivsa  t>lutr,  an  oxooptionally  good  location.  On  top  of 
tho  ]>lutT  watiM'  is  found  at  dopths  varying  from  90  to  40  feet  below 
th('  siirfa<*o.  dt^pcndin^  on  tho  l(H*ation,  fall  of  the  coontiy,  and  fonna- 
tioii  of  tho  siil>soils.  If  gnivoK  ooarno  sand,  orquibkaand  are  enooan^ 
ohhI  whon  (»x(*avating  a  woll,  an  oxi*eptionally  good  flow  oan  be 
oaloulatod  uiH>n.  A  flow  of  50  U)  60  inohes  can  be  obtained  by  a  amell 
outlay,  but  whon  a  disohargo  of  litO  inohes  i8  dcHired  the  oost  increases 
|)  out  of  all  proportion  to  tho  dopth  of  tho  well,  owing  to  the  expense  of 

ko<4)ing  tli(j  wator  out  of  tho  way  of  tho  well  diggers. 
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DTITT   OF   WATER  TINDER  OAOE  CANAL,  RIVERSIDE,  CAL. 

By  Special  Agent  W.  Irving,  C.  E., 
Chkf  Engineer  Gage  Canal. 

LOCATION. 

The  Gage  Canal  system,  including  water  sources,  canals,  and  land 
capable  of  irrigation  from  said  system,  Is  situated  in  the  counties  of 
San  Bernardino  and  Riverside. 

The  water  supply  is  obtained  from  within  the  boundaries  of  the  San 
Bernardino  Rancho,  comprising  2,831  ac»Tes,  the  lots  and  blocks  of 
which  rancho  are  shown  on  the  accompanying  map  (PL  XXXV). 
The  Santa  Ana  River  runs  through  the  above-described  property  for  a 
distance  of  about  4.25  miles,  as  mea^sured  along  its  channel. 

The  headgates  of  the  Gage  Canal  (PI.  XXXVI,  fig.  1)  are  located 
at  a  point  on  the  south  bank  of  the  Santa  Ana  in  lot  3,  block  69,  of 
the  San  Bernardino  Rancho,  or  in  sec.  13,  T.  1  S.,  R.  4  W.,  San  Ber- 
nardino base  and  meridian.  From  thence  the  canal  runs  generallj'  in 
a  southwesterly  direction  over  the  }>ottom  lands  of  the  Santa  Ana 
Valley,  a  distance  of  about  2  miles;  thence,  skirting  the  sloping  bench 
land  for  1  mile,  its  channel  is  curried  along  the  face  of  a  high  bluff  by 
means  of  tunnels  and  trestle  work  until  it  emerges  on  the  Riverside 
plains,  across  which  it  continues  to  its  termination  in  the  SE.  i  sec.  19, 
T.  3  S.,  R.  6  W.,  San  Bernardino  meridian,  a  total  distance  from  the 
place  of  beginning  of  20.  IB  miles. 

The  lands  capable  of  irrigation  from  the  Gage  Canal  system,  both 
below  and  al)ove  the  height  of  the  l(K)-foot  contour,  are  particularly 
well  fitted  for  the  culture  of  citrus  fruits.  They  are  situated  mainly 
in  Riverside  County,  ranging  from  sec.  5,  T.  2  S.,  R.  4  W.,  San  Ber- 
nardino meridian,  in  San  Bernardino  County,  to  sec.  26,  T.  3  S.,  R. 
4  W.,  San  Bernardino  meridian,  in  Riverside  County,  comprising  a 
total  acreage  of  11,469.08  acres. 

WATER  BIGHTS. 

The  form  of  water  right  prevailing  in  the  valley  of  the  Santa  Ana 
is  mainly  that  provided  under  the  State  laws,  and  is  known  and  desig- 
nated as  '"right  by  appropriation."'     This  form  of  right,  of  cour^e^ 
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iipjilics  to  t\v'  watt-rs  of  imtural  streams.  Hiid  in  therefore  sabject 
liiiiitntioii  Uy  the  ii|>|ilii-ation  of  the  law  affecting  ripuiui  rights. 

Tin-  wtM-tioiis  of  the  civil  code  of  California,  under  which  rights  I 
a]>prrii)riiitiori  <iiii  lie  nc(|iiired,  read  a»  followa; 

Skc.  l-tlil.  The  Htilit  til  llic  (iw  iif  rnnning  water  flowing  in  a  river  or  ■tream, 
iliiwii  u  iiiiiyiin  or  ravine  niuy  In'  i(ci|Hin.-<I  I)y  aitpropriation. 

Sn'.  I'll  I.  Thca]>]>n>]>riuiiiiii  miii>t  1m^  for  M>me  tuwM  aad  beneficul  purpose,  ■ 
wlx-ii  till'  a]i]in>|irial(ir.  nr  hiii  Htuxwur  in  intenwt,  ceaaes  to  nae  it  for  rodi 
] III ri ■>)•(.'  the  ri>;ht  ri'itMv. 

Sk>  .  1414.  Ai>  iM'tH-ii'ii  nii)iniiiriBt«ra,  the  one  first  in  time  is  the  first  Id  right. 

Sec.  14ir>.  A  {it>niiiii  ili-firiiiK  to  apiimpriale  water  must  post  a  notice,  in  wrilji 
ill  II  r'liiKpii'iiiiiiH  i>lni'c  lit  till-  jHiiiil  of  inU>i)<t«!(l  ilivereion,  stating  therein: 

I.  Thut  hi- I'laiiii)' ilic  walcr  tliiwinic  til  therxtent  of  (giving  the  number)  inch 

II.  Tile  j>iir|KMi-^  fur  wiiirli  In:  I'laiinM  it  am)  the  place  of  intended  une. 

III.  Th.' iiH-aiiH  l.y  whii-hhc  ihtcmiMt...livcrt  itanrl  tiiesiwof  the  flume.  dit( 
pilK'.  or  iU|iif<liu-l  ill  wliicti  he  iiitcmlri  to  iliverf.  it. 

A  copy  iif  the  iiiitiee  iiiiwt,  within  ten  ilayH  after  it  if  pofittHl,  In>  reoorileil  in  t 
otliiv  of  the  rei-or<ler  of  the  i-oiitity  in  whiili  it  ix  jxiHttMl. 

Phi'.  142a.  The  riKhtx  of  ri|iiiriu:i  pni|irie(orM  are  not  affei'twl  liy  the  provirionD 
thiH  litk'. 

WATEB  SOUBCB8. 

It  niay  he  tiikcii  without  (jucstion  tliat  all  the  wat«r  used  under  tl 
ditlfrciit  irriytition  systonis  in  the  fnnta  Ana  Valley  has  it»  orig 
priiiiiirily  in  the  Sun  Dcrimnlini)  Mountuin^i,  whether  it  is  eventual 
divt>rt>Hl  from  surfacf-llowinfr  stn-aniM  or  from  su)itcrranoaii  channel 
Till'  drHirm}fi>  from  tliis  raii^fc  of  niotiiiliiin!<  innnifcMts  itself  in  the  vfl 
ley  in  three  wayn,  iiiiini'ly:  Siirfiice-tlowin^  HtroaiiiH  direet  from  tl 
(imyoiis :  niilitcrrancaii  witters  conitn;r  to  the  surface  in  the  form  i 
springs ;  and  aj^iin  l>y  artificial  spring  crt^ated  by  moHits  of  artesia 
wcUh  tapping;  tlie  iinilerfriimnd  streiiiiiis  and  thuH  developing  a  flow  < 
water  from  thai-  soun-e, 

['jHiii  (l)CHc  soiii'ci's,  tlieii.  the  iriif^ition  systems  of  the  Santa  At 
Vitllcy  de]>cn(i  for  tlicir  siip)>)y  of  wiiter.  and  thi!  Oajre  Canal  Hvstei 
dcpciuls  on  all  three,  althoiijrli  »(  the  jiresent  time  most  of  the  wati 
is  received  from  artesian  wells  (I'l.  XXXVIl).  now  sixty-five  i 
imiiilH-r.  incliidin^r  three  not  yet  fully  completed. 

The  ri};ht  of  tliis  etuml  to  divert  water  from  the  Santa  Ana  i^^  base 
on  the  cliiiins  of  the  following  ditvlies  which  had  established  leg) 
rijrhts  to  ()o  so:  The  •'  Hunt  &  Oioley '"  ditch  had  a  right  of  diver^io 
from  the  river  at  a  point  now  iK-cu|)ied  by  tlie  (Jage  Canal,  and  froi 
that  jMiiiit  the  water  from  the  river  was  iitrricd  in  a  ditch  to  the  laii 
south  and  t«-l<iw  tlie  How  of  tlie  canal  as  now  constructed.  This  rigfc 
was  tmnsferred  to  the  (lajie  (_'anal  by  an  ajrrcement  entered  int 
between  thi- owners  of  the  Hunt  i^  Cooley  ditch  and  Mr.  M.  Qagf 
wliereliy  the  latter  agreed  Ui  siii)j)ly  the  above  dit<-h  with  130  inchc 
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of  water  from  other  sources  in  lieu  of  its  original  rights  of  diversion 
from  the  river.  The  '"Wells  &  Long"  right,  by  appropriation,  to 
divert  water  from  the  river,  and  the  ''Spring,"  or  "Parish  ditch" 
right  to  water  rising  on  lands  now  fonning  part  of  the  water  sources 
of  the  Gage  Canal  are  the  two  remaining  claims  on  which  the  Gage 
system  bases  its  right  to  divert  water  for  irrigation. 

The  right  of  an  owner  to  use  the  water  developed  by  means  of 
artesian  wells  excavated  on  his  own  property  has  been,  so  far,  undis- 
turbed. 

THE  GAGE  CANAL. 

The  Grage  Canal  was  constructed  in  two  divisions,  the  first  extend- 
ing to  the  Terquisquite  arroyo,  a  distance  of  11.9  miles  from  the  head- 
gates,  and  the  second  division,  built  sometime  later,  extending  to  the 
terminal  point  previously  mentioned,  a  distance  of  8.26  miles  from 
said  arroyo. 

The  capacity  of  the  canal  for  about  6  miles  from  the  head  is  on  the 
average  4,500  inches  ;  for  the  remaining  pail  of  the  first  section  the 
average  is  3,500  inche^s,  and  the  second  section  has  an  average  ca- 
pacity of  3,000  inches.  The  cross-sectional  dimensions  vary  only  in 
bottom  width — that  is,  from  a  width  of  10  feet  to  that  of  5  feet ;  the 
other  dimensions — a  depth  of  4  feet,  with  slope  of  Imnks  4  feet  per- 
pendicular and  3  feet  horizontal — remaining  the  same  throughout, 
while  the  grade  is,  in  general,  for  the  total  length,  2.5  feet  per  mile. 

Up  to  the  present  time  a})out  15  miles  of  (*anal  have  been  coated 
with  a  f -inch  thickness  of  cement.  Along  the  line  of  the  canal,  where 
its  course  crosses  the  natural  depressions,  there  have  been  constructed 
thirteen  flumes,  the  total  length  being  4,170  feet,  the  longest  being 
1,100  feet,  with  a  height  of  65  feet;  also  fourteen  tunnels,  which, 
where  driven  through  soft  earth,  soft  sandstone,  or  cemented  sand, 
were  lined  on  the  lx)ttom  and  on  the  sides  as  high  as  4.5  feet,  with  an 
average  thickness  of  concrete  of  6  inches,  giving  a  waterway  0  feet  in 
width,  the  top  being  kept  in  place  by  a  timbered  arch.  The  tunnels 
in  roc^k  are  6.5  feet  in  width  and  6.5  feet  in  height  to  center  of  arch. 
The  aggregate  length  of  these  tunnels  is  6,178  feet,  the  longest  being 
2,320  feet,  and  the  shortest  110  feet.  Heavy  fills  were  used,  instead 
of  flumes,  in  four  case^,  to  bridge  arroyos,  averaging  about  6,000 
cubic  yards  of  earth  each.  In  every  case,  in  fills,  the  channel  of 
the  canal  was  lined  with  cemented  masonry  to  the  thickness  of  6 
inches.  Mason r}-  culverts  have  been  constructed  through  said  fills  for 
the  purpose  of  discharging  the  storm  waters  drained  by  these  arroyos 
from  the  neighboring  hills.  That  these  storm  waters  may  be  utilized, 
the  discharge  through  the  culverts  is  regulated  by  means  of  gates, 
retaining  just  the  amount  of  water  that  the  fills  c»n  safely  control  and 
permitting  the  remainder  to  pass  through.     This  is  also  accomplished 
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by  the,  ime  of  an  L-»ihiiped  culrert,  the  perpendicular  eibrntt  beinf 
Imilt  on  the  upper  Kidc  of  the  fill  and  up  to  the  height  necwwry  fa 
i-ontrol  a  (wrtaiii  depth  of  water,  any  Hurpltu  being  discharged  into  i 
and  then  on  throuf^h  the  horizontal  cuIverL 

Tho  reiiiainintr  porticinM  of  the  canal  were  oonBtmoted  through  Bur 
faueu  whieh  offered  no  !tp<H.:ial  diffieulties  in  carrying  on  the  work. 

NATtmS  OV  IBBXOABZ;!  I.AV1M. 

Starting  from  tin  avcnige  elevation  of  1.005  feet  abore  aea  level,  a 
line  of  eanal.  the  shipe  of  the  irrigable  landu  below  the  flow  of  thi 
<>Hnul  is  goni^mlly  on  a  grade  of  100  feet  to  the  mile,  and  in  most  case 
n^tiuiroH  little  or  no  grading  liefore  planting.  Where  arroyos  inter 
MK-t  tlitf  plains  the  HideH.  or  btuffs,  are  generally  made  capable  of  cnlti 
vation  by  means  <if  a  Hyntein  of  terracing.  The  land  above  the  cana 
ir<  not  of  tlie  saine  general  evenneHs,  but  it  can  Ite  prepared  witboa 
much  (littieu)tY  for  planting. 

The  soil  of  the  alxtve  lands  is  of  granite  origin,  varying  from  a  ligh 
loam  on  the  higher  levels  to  a  medimn  adol>e  on  tho  lower,  and  oon 
cerningall  of  tui id  soils  it  has  iM-en  determined,  both  by  experimen 
and  analysis,  that  they  4-(nitain  the  neceiwarv  elements  for  the  produc 
tion  of  eitrus  fruits. 

BYSTEK  OF  DI8TBZBUTZ0N. 

On  the  line  of  canal  at  points  where  it  is  intersected  by  streets 
UKiuilly  at  intervals  of  one-fonilh  of  a  mile,  masonry  bulkheads  (PI 
XXXVI,  lig.  2)  are  built  for  the  diversion  and  meaimrement  of  th< 
water  into  the  different  main  pipe  lines  laid  in  the  streets.  The  diver 
sion  of  tlie  wat^'r  is  effected  by  means  of  bulkhead  boards  insertec 
across  the  How  of  water  in  tlm  i-anal,  and  kejrt  in  plaee  by  grooves  ii 
the  masonry  of  the  l>iilkliea<l.  The  water,  being  thus  obstructed. 
pass<'s  from  the  canal  throngli  a  pijw  into  the  bottom  of  a  measuring 
Ik)x,  situatinl  in  said  bulkhead,  and  then  up  over  a  weir,  thus  register- 
ing the  total  amount  of  wati'r  us4>d  for  irrigation  of  the  lands  depending 
on  that  {nii'ticular  pi|)e  for  their  supply. 

At  distances  of  alHuit  t!r>l)  feet,  latenil  pijM!  lines  are  inserted  into 
the  mains  (these  |M)ints  iH'ing  opposite  the  upper  line  of  each  subdivi- 
sion fronting  the  street),  and  from  tlienoe  are  carried  to  the  highest 
point  of  each  sulKlivisiun.  except  wheix;  moi'c  than  one  subdivision 
can  Ix"  conveniently  irrigated  from  one  hydrant.  At  the  end  of  each 
latt^ral  a  hydrant  and  in<-asuring  Ihix  are  attached,  and  the  amount  oi 
water  used  for  the  irrigation  of  each  jNtrcel  of  land  is  measured  as  it 
discharges  into  the  flimie  over  a  weii'  built  in  the  measuring  box  fot 
that  purpose. 

The  systt'm  may  be  better  tin(lerstoo<l  from  the  accompanying  map 
(PL  XXXVllI)  of  block  72.  Arlington  Heights,  showing  the  acreage 
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and  elevation  of  lots,  water  distribution,  and  system  of  irrigation. 
The  lands  of  Arlington  Heights,  generally,  are  subdivided  into  about 
40-acre  blocks  by  streets  and  avenues;  and  said  blocks  are  resubdi- 
vided  into  lots  of  about  10  acres  each.  The  width  of  streets  and 
avenues,  with  one  exception,  is  80  feet.  Victoria  avenue,  which  runs 
throughout  the  whole  length  of  the  tract,  is  120  feet  wide,  divided 
into  two  roadwavs.  All  roadbeds  are  33  feet  wide,  and  the  remainder 
of  width,  in  each  case,  is  devoted  to  sidewalks  and  margins  for  shade 
trees.  The  acreage  indicated  on  maps  is  strictly  exclusive  of  streets 
and  avenues,  hence  a  purchaser  of  the^e  lands  pays  onl}^  for  the  acre- 
age within  the  boundaries  of  the  lots  proper,  as  indicated  on  map. 
On  each  street  there  is  a  main  pipe  line  of  riveted  she^et  steel,  leading 
from  the  canal,  and  from  which  are  taken  lateral  pipes  of  the  same 
material  to  the  highest  point  in  each  lot,  or  where  two  lots  are  in 
one  ownership,  as  in  this  case,  the  distribution  of  water  is  made  from 
one  point  only.  These  lateral  pipes  terminate  at  hydrant  boxe^  situ- 
ated at  the  highest  point  in  the  upper  line  of  each  lot  or  lots,  and  in 
.said  hvdrant  box  is  fixed  a  *'  low  down"  shut-off  valve  to  control  the 
discharge  of  water.  In  the  side  of  each  hydrant  box  is  fixed  a  meas- 
uring weir  10  inches  wide,  and  of  sufficient  height  to  measure  at  least 
40  inches  of  water  passing  from  hydrant  box  to  ''flume."  There  is 
placed  along  the  upper  line  of  eac^h  lot  or  lots  a  line  of  "distributing 
flumes"  from  which,  at  intervals  of  about  3.5  feet,  the  water  is  dis- 
charged into  furrows  made  in  the  soil  for  the  purpose  of  irrigation. 
The  trees  are  planted  at  intervals  of  about  21  feet  in  both  directions, 
and  l>etween  each  row  of  trees  there  are  fiv^e  furrows  indicated  as  ter- 
minating at  '^  flume,"  which  furrows  receive  the  finely  subdivided 
water  discharged  from  small  cx^ntrollable  gates  in  the  flume.  As  a 
matter  of  fact  the  numl^er  of  furrows  varies  from  three  to  six,  depend- 
ing on  the  age  of  trees.  The  elevation  above  sea  level  is  indicated  at 
the  corner  of  each  lot,  and  from  this  the  direction  of  the  flow  of  water 
from  hydrants  can  bi*  inferred.  All  the  lots  indicated  on  accompany- 
ing map  are  now  planted,  and  assumed  to  be  represented  on  map  as 
indicated  on  lot  4.     (PL  XXXVIII.) 

In  the  further  distribution  of  the  water  to  the  lands  there  are  two 
systems  of  irrigation  employed.  The  basin  system  has  been  used  to 
some  extent  in  the  planting  and  irrigation  of  young  trees.  This  is 
done  by  forming  basins  around  the  roots  of  the  young  trees  and  then 
filling  the  basins  with  water  at  regular  intervals  of  time  during  the 
first  year  after  planting.  It  has  l)een  found  that  only  one-twentieth 
part  of  the  water  is  used  in  this  system  that  is  used  by  the  furrow 
system  under  the  same  conditions. 

The  furrow  system  (PI.  XXXIX)  is  the  more  common  method,  by 
means  of  which  all  parts  of  the  soil  are  irrigated,  which  is  absolutely 


,■  whfii  Uic  trwa  rvtu-h  iimturily  and  are  in  full  Iwirinj!    1-1 

^  »rry  <mt  this  latU«r  Hvjitpui  a  flutno  h>a<iiiiir  from  tbo  hydrant  i-i    I 

L«Arrii^l  tn-rtM»  tln>  Im  just  within  its  upper  Iwxifulary  line  luiil  jaralt:  I 

I  to  it.  and  into  tbp  said  ftiime  the  wnlcr  from  the  hydrant  i*  dia-hanfi  I 

iThi-'si'  flunn's  lire  U'^uiilly  iimd*-  of  redwood,    but  the  i.-etu<>ot  flutop  1 

I  Urgt'ly  suiierseding  the  w<xk1.     Thu  size    %-urtos  with  the  jrradr  m  ■ 

I  aniount  of  waU.T  to  Iw  iisixl.  nnd  ninjn^  froiu  S  to  12  itirbi-^  in  widiL  I 

and  from  «  to  lt»  inches  in  depth.      In   the   side  of  the  flume  If*  J 

which  the  waU-r  is  to  be  discharged   1-inch   holes  are  bored  «>  ioW  ■ 

val»  of  from  a  to  3  feet.     Furrows  an*  made  in  the  soil  by  ni«M»"fi  I 

marker  or  shovel  plow,  from  two  to  six  betwwn  the  trw-  r.ii»di)«i  I 

to  the  lower  end  of  the  lot.     The  amount  of  wat^'r  dis<'hai-ged  bio  A  | 

furrows  is  regulated  by  amall  galen  placed  at  the  outlets  in  tk-  fluia  I 

When  the  stream  of  water  reaches  the  lower  end  it  is  regulated  jo*  I 

to  prevent  waste,  and  is  kept  thus  till  the   expiration  of  ihi^  liffl  I 

allowed  the  irrigator,  I 

The  opinions  of  irrigators  are  various  with  reference  to  the  dutvnl  I 

water,  the  variations  extending  from  a  duty  of   1  int-h  to  .S  acres  lo»  I 

duty  of  1  ineh  to  10  acres.     The  duty  of  water  for  land;)  unilrtth   I 

Gage  Canal  system  is  considered  to  Ih'  pmperl^*  placed  at  1  inch  to   I 

6  ucre.s,  1  miner's  inch  being  eijuivalent  to  one-iiftieth  of  a  cubic  li^   1 

per  second,  and  equal  to  a  precipitation  of  i-aiu  of  aoarlv  3  ioclB 

per  month. 

The  owner  of  a  10-acre  ranch  has  a  water  right  of  2  inches  wo-  I 
tinuous  flow  on  the  ba-sis  of  the  duty  of  water  alK>ve  menttoued.  hoi 
as  it  would  be  impossible  tfl  irrigate  with  that  amount  ■•  in  coiitinuotu 
flow"  his  allowance  is  permitted  toaecumiUate.  and  at  the  end  of  vary- 
ing periods  he  receives  tlie  equivalent  of  his  water  right  at  .such  time 
as  he  for  himself  determines,  but  subject  to  the  by-laws  of  the  Gagf 
Canal  Company,  which  pi-ovide  "that  the  users  of  water  must  give 
four  days'  notice  of  their  desire  for  a  supply  of  water  and  to  accept  the 
same  on  any  day  or  days  that  the  company  uuty  be  able  to  arrange  for 
the  supply  thereof." 

In  the  same  article  it  is  provided  that  thirty  days  is  the  limit  beyond 
which  water  can  not  be  accumulated,  but  this  has  lieen  amended  to 
read  "forty-tive  days,"  as  some  irrigators  prefer  »  longer  interral 
between  irrigations — one  user  applying  water  to  his  land  three  timo^ 
only  during  the  irrigation  season.  Whatever  interval  of  time  Itetweeii 
irrigations  may  be  adopted  by  the  user  it  is  undei-stood  that  he  will 
have  delivered  to  hiui  his  full  equivalent  amount  of  water  due  at  the 
time  the  service  is  given  him,  so  that  the  same  amount  of  water  in  any 
case  is  disclmrged  ontii  the  land  during  the  season. 
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THE  GAGE  OAKAL  OOMPANT. 

In  order  that  all  the  users  of  water  under  the  Gage  system  of  canals 
might  be  represented  under  one  organization,  so  far  as  their  interests 
in  the  water  for  irrigation  were  concerned,  it  was  determined  to  incor- 
porate under  the  State  laws  the  Gage  Canal  Company. 

This  company  is  incorporated  for  no  other  purpose  than  to  manage 
the  affairs  of  its  stockholders,  and  such  affairs  are  confined  solely  to 
the  maintenance  of  the  general  water  supply  and  the  distribution  and 
delivery  of  it  onto  the  lands  of  the  shareholders.  It  is  further  pro- 
vided that  neither  profit  nor  loss  can  arise  to  the  shareholders,  as 
such,  from  the  operations  of  the  company,  as  all  disbursements  for  the 
maintenance  of  the  above-descri>>ed  works  and  services  are  provided 
for  by  an  annual  assessment  on  the  shareholders  in  the  ratio  of  shares 
held  by  each,  and  for  such  sums  only  as  are  required  to  meet  their 
obligations  in  the  above  behalf. 

The  constitution  of  the  company  provides  for  the  election  of  a  board 
of  director  by  the  shareholders,  the  voting  power  depending  on  the 
number  of  shares  held  and  each  share  representing  one-tenth  of  an 
inch  of  water. 

The  board  of  directors  elect  a  president,  secretary-treasurer,  and 
zanjero — the  two  latter  being  the  executive  officers  of  the  company. 
The  zanjero  has  full  and  undisputed  charge  of  the  water  distribution, 
and  no  water  can  be  run  onto  the  lands  of  any  stockholder  until  the 
discharge  hydrant  is  opened  by  the  zanjero  or  one  of  his  agents.  This 
system  of  noninterference  b}-  the  users  of  water  was  adopted  from  the 
first,  and  being  universal  in  its  application  it  has  worked  with  great 
satisfaction. 

The  stock  of  the  company  consists  at  present  of  ten  thousand  shares, 
representing  l,rx)()  miners  inches  of  water.  This  amount  of  water 
was  developed  and  owned  by  the  Riverside  Trust  Company,  Limited, 
and  ]>y  it  transferred  to  the  canal  company,  water  stock  being  taken 
in  payment. 

The  Riverside  Trust  Comimny,  Limited,  to  whom  Mr.  M.  Gage  trans- 
ferred all  his  interests  in  the  above-described  estate,  was  originally,  so 
far  as  the  Gage  Canal  Company  is  concerned,  the  owner  of  the  land 
and  water.  In  transferring  the  water  to  the  canal  company  and  taking 
water  stock  in  lieu  thereof,  the  trust  company  is  required  to  issue  to 
each  purchaser  of  its  lands  such  number  of  shares  as  represents  the 
water  to  which  the  lands  are  entitled  on  the  basis  of  1  inch  to  5  acres. 

The  contracts  entered  into  by  the  purchasers  of  land  under  said  sys- 
tem provide  explicitly  that  the  water  once  attached  to  a  particular 
piece  of  land  becomes  appurtenant  thereto,  and  can  not  be  transferred 
to  other  lands. 

In  connection  with  the  routine  work  of  the  canal  company's  office 
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there  are  certain  fonas  and  records  whidi  are  used  to  facilitete  the 
work  and  to  keep  the  record  of  it8  working.  Among  these  is  a  Uaak 
fomi  of  ''water  order ""  which  is  given  to  each  user  of  water,  and  whidi 
he  iillH  up  and  nerves  upon  the  zanjero  at  the  company's  office.    The 

following  iH  a  blank  '*  water  order:'' 

Wat4»ronler.]  Riverside,  Cal., ,  1»-. 

Tub  (tags  Cakal  Compahv. 


Xhv  morning  of  - 


inohoH  of  water  for  use  on  lots  — 
-  the (iay  of ,  18»—  for 


block 

—  d«3n<. 
Sisnature 


oumiiieiidn^oii 


Th«>  i>()in|>any  will  not  undertake  to  deliver  water  unlen  this  form,  properly  liUed 
ti]>  aiid  Hignetl,  ih  left  at  it^  Camp  Arlington  office,  at  least  four  (4)  days  before  tlie 
wut(*r  in  riHjiiinHl.  Wat4>r  will  U'  delivered  to  Hhareholdere  in  accordance  with  Sectioo 
II  (if  Arti<*le  IX  of  the  <*oiii|Miny'H  by-lawH,  ea(*h  order  having  precedenct;  aocordiiif 
to  the  date  of  itn  delivery  at  tlie  eomiwny'H  otfi(*e  aM  above. 

N.  H. — iViiyoiie  f(»iind  tainiH*rin)j:  with  the  hydrants,  meamring  boxes,  or  any  of  the 
roiii|)any'fl  pro|N'rty  will  ))e  pnwutvuteil  under  He<*tionfi  499, 502,  625,  of  the  penal  oude. 

In  the  Hanio  otiioe  is  kept  a  '"water  book'*  in  which  is  entered  daily 
tho  tot^il  flow  of  water  and  the  {particular  lands  to  which  it  is  distrib- 
uted. From  such  a  re(*ord  n  complete  history  of  the  water  senire 
from  (lav  to  <lav  and  from  year  to  vear  can  be  determined. 

•  •  •  • 

SPECIAL  INVESTIGATIONS  IN  1800. 

For  the  pur|M)scof  more  accumtcly  determining  the  amount  of  water 
used  in  the  irripition  of  lands  under  the  (rafife  Canal  system  during 
tlic  year  1^^1M^  tht^  total  urea  was  divided  into  thn^e  districts.  (See  Msp, 
PI.  XXXV.  p.  182).  ThcM'  districts  lie  (me  l)elow  the  other  along  the 
course  of  tlie  canal.  Moasurino;  weirs  have  l)een  placed  at  the  upper 
bouii<(arics  of  the  districts,  to  determine  the  flow  of  the  canal  at  tboee 
points.  All  the  water  passes  weir  No.  1.  What  water  is  not  used  io 
district  No.  I  passes  weir  No.  2,  and  that  left  after  district  No.  2liw 
l»een  supplied  flows  through  weir  No.  8  to  district  No.  8. 

These  lands  re<|uii'e  a  pnu'tically  constant  supply  of  moisture 
throughout  the  year,  excreptthat  in  winter  eva]K)ration  from  the  ground 
andtrees  is  l«»ss.  When  thismoisture  is  not  su])plied  by  rainfall  it  most 
be  supplied  by  irrijration.  so  that  the  canal  is  in  o]:)eratic>n  throughout 
the  entin*  year.  The  crop  year  for  citrus  fruits  does  not  coincide  with 
the  calendar  year.  i>ut  may  hr  <'onsidere<l  to  extend  from  October  to 
O<'tob«*r.  for  which  j)eriod  the  measurements  are  jfiven. 

All  measurements  made  under  the Ga^e ('anal  are  in  iiiiner^s  inches, 
5U  inches  b(»ing  considered  e<jual  to  1  cubic  f<M>t  per  second.  The 
daily  records  are  jriven  in  miner's  inches  (continuous  flow  for  twentj- 
four  hours,  as  this  unit  i8  used  almost  exclusively  in  California. 
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The  rainfall  for  the  period  from  October  1,  1898,  to  September  30, 
1899,  was  as  follows: 

Bainfall  as  measured  at  Camp  Arlington,  from  October  1, 1898,  to  September  SO,  1899.  * 


Month. 


1896. 
November  20 

December  9 

I>ecemb.3r  15 

1899. 

Janiiary2 

Januarys 

Januarys 

January  10 

January  11 

January  12 

February  1 

February  2 

February  5 

February  24 


Bainiall. 


Inches. 
0.01 


.96 
.42 


1.88 


.88 
.07 
.14 
1.02 
.83 
.15 


2.09 


.16 
.60 
.02 
.11 


89 


Month. 


1899. 

March  9 

March  16 

March  17 

March  20 

March  21 

March  28 

May6 

May7 

Junel 

June2 

Junes 

Total  rainfall.. 


Rainfall. 


Inches. 
0.08 
.19 
.81 
.81 
.08 
.08 


.90 


.10 


.18 


.24 
.04 
.02 


.80 
5.'70 


1  There  was  no  rainfall  from  June  4  to  October  6, 1899. 


DISTRICT  NO.  1. 


District  No.  1  includes  the  lands  known  as  the  East  Riverside  Devel 
opment,  and  extends  from  the  north  boundary  of  T.  2  S.,  R.  4  W., 
San  Bernardino  meridian,  at  a  distance  of  5.68  miles  from  the  head 
gates  to  the  Terquisquite  arroyo,  or  No.  9  flume,  a  distance  of  11.90 
miles  from  the  headgates,  and  contains  3,595  acres  now  under  irriga 
tion,  all  planted  to  citrus  fruits.     The  planting  in  this  district  com- 
menced in  the  year  1887,  and  from  year  to  year  additional  planting 
has  been  done  up  to  the  year  1896.    The  following  tables  show  the 
water  used  in  this  district  from  October  1, 1898,  to  September  30, 1899: 

Water  luted  daily  on  lands  In  district  No.  1  under  Gage  Canal,  October  i,  1898,  to 

September  SO,  1899. 

[See  diagram,  V\.  VII,  p.  71.    Measurements  in  miner's  inches.] 


Day. 


O 

1 

671 
6S5 
660 
636 
645 
665 
655 
650 
566 
609 

2 

3 

1 

5 

(i 

7 

8 

9 

10 

O 


r 


408 
477 
583 
550 
574 
550 
518 
357 
486 
576 


406 
406 
868 
172 
209 
212 
199 
286 
180 
218 
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KISTHUT   NO.  -J. 


Diiitru't  No.  '2  includes  hII  tho  lunds  of  Arlington  Heights  and  some 
adjacent  territory,  extondinjf  from  the  Tcrquisquit*  arroj'o  to  the  end 
of  tho  canal,  a  di.-<tani-t'  of  liii.  Iti  milcN  fn>m  the  beadgatea,  and  con- 
tains ^,871  acres  now  under  irrigation. 
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Some  of  the  land  in  this  district  lies  above  the  flow  of  the  canal. 
About  150  acres  of  these  lands  have  been  planted  to  citrus  fruit  trees, 
and  as  the  higher  planted  boundary  of  said  lands  is  at  an  elevation  of 
100  feet  above  the  canal,  and  the  supply  of  water  needed  for  their 
cultivation  is  taken  from  the  canal,  a  pumping  company  has  been 
organized  for  the  purpose  of  distributing  the  water  to  these  higher 
levels.  The  users  of  water  on  these  lands  are  related,  in  the  first 
instance,  to  the  (Jage  Canal  in  every  respect  as  those  using  water  on 
lands  below  the  canal,  but  in  addition  they  have  to  pay  the  cost  of 
pumping  in  the  ratio  of  the  shares  they  hold  in  the  Gage  Canal 
Company. 

In  order  to  form  correct  estimates  of  results  it  will  be  necessary'  to 
give  details  of  the  time  of  planting  of  the  portions  of  district  No.  2 
which  are  under  our  immediate  care,  and  the  particulars  of  which  we 
have  in  our  own  keeping.  These  particulars,  however,  with  reference 
to  a  part  will  serve  fairly  well  to  form  estimates  of  the  whole. 

It  will  be  kept  in  view  that  the  orange  or  lemon  tree  can  hardly  be 
said  to  yield  fruit  until  after  the  third  year  from  time  of  planting  in 
orchard  form,  and  that  the  yearly  increase  in  product  continues  at 
least  to  the  fifteenth  year. 

The  following  are  the  times  of  planting  of  said  portions  of  district 
No.  2: 

Date  of  planting  treen  in  district  No,  2. 


1891 
1892 
1893 
1894 
1895 


Acrea- 

690.10 

130.04 

667.57 

79.80 

10.00 


1896 
1897 
1898 


Acres. 

14.31 
58.86 
16.66 


Total 1,666.84 


The  total  product  from  the  1,666.84  acres  above  tabulated  can  not 
be  given  for  this  present  year,  but  is  estimated  as  follows : 

Packed  boxes. 

Oranges,  all  varieties 174, 813 

Lemons,  all  varieties 46, 173 


Total 220,986 

The  remaining  acreage  in  district  No.  2,  amounting  to  1,205  acres, 
excepting  120  acres  planted  between  1896  and  the  present  year,  were 
planted  in  the  year  1891,  and  will  exceed  in  average  product  the  acre- 
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iiye  above  shown.     "Hie  water  used  upon  the  abovp  acrMgel-iJm 
in  lh<>  following  table : 


Mcaaumnenu  In  mJDer'i  jnrbi^ 
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DISTRICT   NO.  3. 

District  No.  3  includes  lands  lying  beyond  the  terminus  of  the  Gage 
Canal.  This  territory  is  known  as  the  San  Jacinto  estate.  The 
water  for  said  lands  is  taken  from  the  Grage  Canal  and  distributed  by 
means  of  small  cemented  ditches  and  pipe  lines  at  the  expense  of  the 
San  Jacinto  Company.  The  total  acreage  now  under  irrigation  in 
district  No.  3  is  530  acres.  The  first  planting  was  done  in  the  year 
1895,  and  the  company  has  added  to  the  planted  area  each  year  since. 
The  water  used  in  this  district  is  shown  by  the  following  table: 

Water  mwd  ilttihi  oti  Uuuh  iti  diMrivt  Ao.  S  under  (ituje  <  'anal,  (hioh-r  J,  7^A?,  to 

September  JOj  1899. 
[Si'o  diagram,  IM.  IX,  p.  74.    Meajnirements  In  miner's  incbit*.] 


1 

2 

8 

4 

5 

6 

7, 

8. 

9 

10. 

U. 

12. 

13 

14 

15. 

16. 

17. 

18. 

19 

20 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


Day 


.o^ 


Total. 
Acre- feet 


2,669 
1105.48 


a! 


80 

80 : 

80  ; 
80 
80  ! 
75  ; 
80 
88  , 
95  I 
88 
86 
80 
85 
85 
95 
80  : 
93 
97 
70, 
80  ' 
80 
95  ' 
95 
85 
80  I 
95  \ 
90 
82 
85  , 
95 
100  I. 


95 

65 

50 

75 

75 

70 

70 

70 

55  I 

65, 

70 

68 

65 

65 

65 

80 

85 

85 

80 

90 

90 

90 

90 

90 

90 

85 

85 

90 

90 

80 


2.323 
92.15 


ft 


•-»    I  U* 


20 
20 
20 
20 
20 
25 
'25 
25 
25 
20 
25 
25 
'20 
25 
25 


1,140 
45.22 


35 
35 
35 
35 
35 
35 

:» 

•26  1 

25  I 

26! 

27 

25 

'25 


90, 
90  ' 
90  . 

25 
20 



90  1 

90! 

90  ' 

90  1 
90 

(M  - 

40 
40 
40 

80  .::;:::::::::; 

1 

35 

597 
23.68 


50 
84 
88 
88 
80 
80 


470 
18.64 


88 
50 
88 
90 
80 
70 
80 
85 
75 
85 
85 
85 
70 
75 
75 
90 
85 
85 
90 


1,531 
60.73 


90 
80 
80 
85 
85 
85 
85 
85 
75 
80 
75 
80 
65 
70 
50 
40 
45 
55 
57 
70 
82 
74 
75 
96 
100 
98 
85 
95 


2.142 
84.97 


51 

88 

108 

109 

85 

90 

104 

104 


82 
92 
99 
92 
85 
81 
83 
78 
93 
94 
81 
80 
78 

71  i 

79  I 
82  { 
85 
68  I 
85  ■ 
98 
103 
65 


2,593 
102.86 


I 


c 

3 


108 

106 

UO 

109 

110 

106 

101 

91 

96 

96 

94 

88 

86 

9i 

93 

95 

95 

70 

91 

93 

81 


2,984 
118.37 


I 


99  I 

77  , 

73 

77  ' 

81 

79  1 

79  I 

64 

47 

M  I 

53 

75 

82 

89 

82 

68 

66 

73 

85 

82 

71 

85 


2,262 
89.73 


< 


108 

83 

74 

110 

91 

62 

111 

7 

73 

107 

'20 

82 

109 

49 

93 

106 

89 

86 

107 

93 

78 

105 

94 

78 

103 

85 

77 

85 

76 

76 

75 

87 

87 

75  j 

93  ! 

86 

85 

65 

80 

87 

99 

92  I 

89 

98 

94 

94 

90  i 

89 

81 


2,586 
102.59 


A 

y. 


66 
65 
80 
96 
92 
80 
82 
77 
85 
85 
76 
77 
84 
89 
81 
90 
78 
92 
87 
65 
68 
100 
89 
92 
96 
88 
76 
84 
92 
91 


2,499 
9J.13 


iRain. 
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Thitif  of  KVf/.r  hi  'littritt  A».  .1  »nder  Uagt  Oamat,  J8K  and  ISK. 


Act.     I    .lam 


The  followintr  liihlo  frivi'H  tho  duty  of  wnbr  tiiidrr  tht>  (itage  Canil 
asiiwhoUv  No  till(m-»ii('i>8  itrc  itmdi-  in  uiiy  of  the  taMoH  for  loans 
from  Hi'i'iHitri- mill  crujxtnitioii.  S-<>]>i^rt'  \*  pnu'tk-ally  <>liininated,  u 
most  of  till-  (iiiml  is  <'t'iiu>iit<>d.  itiid  itU'iixuivmcntH  i»f  PVft|x>ration  show 
a  lo.-;s  of  only  iiIkhiI  I  jut  ci'iit,  mo  tliiit  Ioh(4Ph  fn>m  thtfte  ^M>u^cea  oeed 
not  Im'.  roriHidiTt'd.     'Hii'  <iiity  ftir  tin-  whol<^  t-anal  in  a**  follows: 

}l<tl,l  .■/■  ."i/i  ;■  ••ifhr  lUufi-  <  hwil,  IKIS  mid  l/iSS. 


■..-Mi 

ihIim;. 
;w)wi;i 

W.TWI 

w.Din 

■'r;^i 

KU.KI 

.■»i.u< 

ii 

0.21 76 

.won 

.07aw 
!i7>w 

.J3UK 

;.!W.  1 

»n.»i3 

ia.»i.M 

9.T1U 

e.u 

'Vlw  pn'»'<'<liii;(  tiiUlfs  hIiow  tin-  iti't'nij^ort  for  tin-  ncveml  districts  and 
for  tlic  i-unid  us  ii  wliolo.  Then;  iii'<-.  widu  (liirorcncOH  in  the  practices 
of  individuals,  which  arc  brought  out  in  the  taliW  which  follov. 
These  tttl)U'«,  in  adto'mw  l«  hUo^jtoj  the  (^(.uintitieH  of  water  lued^ 
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illustrate  the  system  used  in  delivering  water  (see  page  134),  and  show 
the  periods  between  irrigations  and  the  quantities  used  at  each  irri- 
gation. 

Water  luwA  by  N.  P.  Cnyley  on  loU  S  and  4f  block  72,  October  1, 1S98,  to  September  SO,  1899, 

[See  map.  PI.  XXXVIII,  p.  184.] 


Ordered. 
Time   for 

Rec< 

»ivc<l. 

which 

1 

Dfttf. 

ordered.         ! 

Amount.             Remarks. 

Amouni. 

rittit.                  JLTUitr. 

Date. 
Miner* 

No.  of 
days. 

'                                  1 

1                 1 

!                      1 

Miner'B 

inches,    i 

inchea. 

Oct.  12, 1898.. 
Oct,  12, 1K98  . . 

30     Oct.  15-17 . 
20     Oct.  17-20 . 

2 
3 

Lots 

Lot4 

}Oct.  16-19 . 

120 

30  inches  for  4  days. 

Nov.  11, 1898  . 

30     Nov.12-16. 

4 

Lots  3  and  4. 

/Nov.  12.... 
1  Nov.  13-16. 

35  , 

90    30  inches  for  3  days. 

1 

Feb.  8,9... 

60    30  inches  for  2  days. 

Feb.  3, 1899... 

30     Feb.  8-12.. 

4  '  LoU)8and4. 

Feb.  10.... 
Feb.  11.... 

25 
30 

Mar.  4, 1899  .. 

20     Mar.  4-7... 

:J     Lots 

Mar.  9-12.. 

80    20  inches  for  4  days. 

Mar.  10, 1899  . 

20     Mar.  11-14. 

3     Lot4 

Mar.  19-21. 

60     20  inches  for  S  days. 

Apr.l6.1K99.. 

■     30  !  Apr.  21-25. 

4     LoU3and4. 

Apr.  23-26. 
May  22-25. 

120  >  30  inches  for  4  days. 

May  8. 1899... 

30 

May  23-27. 

4  ,  Lot83and4. 

120           Do. 

June  19. 1899 . 

30 

June  28-27 

4   July2-6... 

150  ,  30  inchcfl  for  5  days. 

Aug.  26,1899.. 

30 

Sept.  1-6.. 

A                           /Sept.  8-10 . 
'   t8ept.ll... 

84 
26 

28  inches  for  3  days. 

Total . . 

999 

1 

1 

Summary. 

Area  irrigated acres. .  20. 00 

Water  used acre-feet. .  :^.  63 


Depth  of  irrigation feet..     1.98 

Depth  of  rainfall. do...       .47 


Total  <lepth  of  water  received  by  land  . 


do...     2.45 


Water  used  by  J.  I).  Carsctiden  on  lot  2,  block  39,  October  i,  JS9S,  to  September  SO,  1899, 


Ordered. 

Time  for  which  ordered. 


DaU*. 


Nov.  17, 1898  . 
Apr.  27, 1899. . 

I 
1 

July  10, 1899.. 

Sept.  11, 1899 
Total. 


Amount. 

Mincr'9 
incheg. 
20 

20 
20 

20 


Received. 


Date. 


I  No.  of 
days. 


DaU'. 


Nov  22-25 
May  3-6  . . 


July  17-20 
Sept.  18-21 


3 
3 


Nov.  22-24 
/MayS-6... 

lMay6 

^Julyl7... 
July  18,19 
July  20  . . . 
July  21  ... 
18... 
19... 
20... 


Amount. 


Remarkx. 


Miner"* 
inches. 

60  '  20  inches  for  3  dayt*. 

60  Do. 

15 

17 

40  '  20  iiu'h«*M  for  2  days. 

25 

10 

25 

30 

20  I 

302 


I 


I 


'.^ 


I 


}        >> 
- 1; 
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Summary. 

An-H  irri>^UHl 

Water  UHtHi aere-feet.. 

I.K;pth  iif  irrigation feet.. 

IVptli  of  niinfal! do... 

Tiital  <le))th  of  wator  niiMV***!  by  land (I'» — 


1.6; 


I  n 


M. 


II       • 


Wnhr  m*,tl  hij  (iulirk  liittthnn  mt  Uittk  H4,  fMitttnf  /.  //Atff,  tu  i^'fiirmimr  JO,  1S9». 


Tiin(>  for  whirh  onion**!. 


I»iii«-. 


Aiiioinii. 


Miwr'n 


l>Htr. 


Si'pt.'J**.  1H»». 


<H't.:{l,lWK  ..I 

I 
I 

hii'.  10.  iMUh.. 

Kr»».-.-J.  IMVW.. 
Apr.H.  \sii\t  . . 

Miiv  v*.  iwty.. 


•hiin'  Vl.  \HW. 


July  UMs*»n.. 

\\\tz.  lviv.i«i  . 

'I'lital. . 


:a»     <M.:t-i:i 


'M\     Nu\   '.i-V.i  . 


.'ro      Kill.  J.  >•  Mar.  7 
:UJ     Apr.  i:i '.»:'.. 

:tt»     Miiv  IT--.'7. 


:u)     .liuit' Ivt-'J*.) 


No.  uf 
(la}-it. 


:k)     .lulv  17-J7 


:a»     Aii»r.L»l-s<'j>!.:'... 


10 


10 

ill 

10 
HI 


l(» 


1(1 


IlHir 


10 


■■'I 


Ik'l.  1 

ih'X.'2 

<)i't.:t-4i... 

U'1.7 

<M.J* 

<M.t>-ll  .. 
(k't.l'.M». 

<M.  14.1'>. 
(K't.ltt.  .. 
So\.\  .... 
Nov. 'J,:!  .. 
Nov.  4-10. 
Nov.  11  ... 
Niiv.  12  . . . 
Nov.  13  . . . 

lk'C.27-:il 

Jan.  IS.  1KW....I 

JHIl.(i->i 

Jan.!) 

Vvh.  iVMar.  7  . . 

Mar.s.i* 

Apr.  1:1-2:1 

Ai.r.24-2<1 

.Mhv  17-2:1 

May2ii-:il 

June:!,  4 ■ 

Jnnf  19.111 

June  21. 22 ; 

Juno  2:1 : 

June  27 

June2H.2l» '. 

June:{0 1 

July  1  

Jul'v  ri.7 1 

July  25-31 
AuK-:{.4  .. 
AuK-^.ti  .. 

AUK.2A-ni 

Sf|.!.l-<i.. 

.'^ept.lO... 


KtH-vdved. 


Aniimiii. 


Minrr'a 
inrhfu. 
•A) 
'2R 
120 
40 
45 
90 

ao 

10 

15 

22 

.M> 

210 

15 

2U 

10 

150 

120 

HO 

15 

:cw 

20 

:«o 

45 
210 
\H} 

•20 

.'lO 


KoRuirkn. 


I 


'■  ait  fiu'luw  fur  I  t\mj%. 


W>  inrhcii  for  3  day*. 
15  Inchen  for  2  dmyiK 
20  int'hvK  for  2  dnyn. 


26  incheii  for  2  <!»>>. 
I  HO  inchfffi  for  7  (lav». 


W  inch<M«  for  5  d«r». 
.10  InchCM  for  4  dmjn. 
20  inchcH  for  3  dayn. 


27 

•M 

:o 

22 

22 

M 

210 

ilO 

20 

120 

IHO 

10 


:i(»  inchcM 
10  iiii'hcii 
»0  Invhcii 
15  IncheM 
HO  InrhcN 
:«)  fnch(*K 
10  iiirhttt 
:io  f  nchoM 
25  inchoM 


lh\. 


for  1 1  dayK. 
f4ir  2  dayit. 
for  11  diiyv 
for  3  dayii. 
for  7  <layii. 
for  5  days, 
for  2  Amyn. 
for  2  day*, 
for  2  dmjn. 


,  10  Inchon  for  2  dayiL 
:10  iiichen  for  7  dayn. 

I  :WlncheKf<>r2ilayK. 
10  inohcH  for  2  dmyr. 
90  inchea  for  4  dayn. 

I  HO  inches  for  ft  daya. 


.t.OHH 


^    I'     1' 


Sunnnnnj. 

.Vrt'a  irrijfat4*<! acrfH..     51.  30 

Water  iiwhI aiTe-fcH't. .   122.  30 


I )<»pth  of  irripitidii ftvt . .       2.  38 

L)epth  of  rainfall ilo. . .         .47 

Total  «U'pth  of  w'at«T  nnt'ivtil  h\  land tlo...       2.85 
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Waier  iised  hy  C.  C.  (^nn  on  lot  4,  block  7S,  October  i,  1S98,  to  Septeniher  SO,  1899. 


Ordered. 

Received. 

Time  for  which  ordered. 

Date. 

t 

Date.        1  Amount. 

i 

Date. 

No.  of 
days. 

Amount.               Romarks. 

1 

Iftner'i* 
inche*. 
No  order i  - - 

Oct.  13-15 

Nov.  14-16 

Miner'* 
inches. 

60     20  inches  for  3  dMV*i 

Nov.  2, 1898.. 
Dec.  10. 1898.. 

20 
20 
20 
20 
20 
20 
20 

Nov.  14-17 

Dec.14-17 

Feb.  22-26 

Apr.  12-16 

May  18-lC 

June  13-lC 

July  17-20 

\\ 
3 
3 
3 
3 
3 
3 

60           Do. 
Rain  on  the  14tli. 

Feb.  16, 1899.. 
Apr.  9, 1899... 
May  7,1899.. 
June  7,1899.. 
July  12, 1899. 
No  order 

Mar.6,7 

Apr.  13-15 

May  13-16 

June  17-19 

July  22-24 

Aug.27-29 

Sept.30-Oot.2... 

20    10  inches  for  2  days 
60    20  inches  for  3  davx 
60           Do. 
60           Do. 
00           Do. 
60            Do. 

Sept.  18. 1899 . 

20   septVsr?^ 

3 

60  '          Do. 

Total . . 

500  • 

1 

i 

Sttmmarif. 

' 

Area  irrimitec 

I 

acres..  10.00 

Watc 

•• 

C7 

T  iised . . 

acre-feet..  19.83 

Depth  of  irrig 
Depth  of  rain 

Ration 

fall 

feet..     1.98 

..do...       .47 

Total  depth  of  water  received  by  land 


.do. 


2.45 


Wat4;r  used  by  C.  E.  Kennedy  on  block  82,  October  /,  1898,  to  September  SO,  1899. 


Ordered. 


Date. 


Oct  4. 1896.. 
Nov.  U,  1898 

Tan.  6, 1899... 

Feb.  14. 1899.. 
Apr.  13, 1899.. 
May  25, 1899. 

June  27, 1899 


No  order 

Sept.  26, 1899 

Total. 


Amount. 


Miner'9 

inches. 

35 

21 

21 

35 
35 
35 

35 


35 


Time  for  which  ordered. 


Oct.  10-13 

Nov.  14-19 

Jan.  9-14 

Feb.  17-20 

Apr.  17-20 

May  3l-Junc  3. 

July  7-10 


3 
5 


3 
3 
3 

3 


Sept.  26-29 


Received. 


Date. 


Oct.  7-10.. 
Nov.  15-20 

Jan.  7-9... 

Feb.  17-21. 
Apr.  26-28. 
Juno  8-5 . . 
fJuly  9-10. 
I  July  11.... 
[Aug.  20-23 
tAug.24  ... 
Sept.  26-28 


Amount. 


Miner's 
indies. 
120 
120 

60 

200 

105 

106 

70 

25 

140 

15 

106 


1,065 


RemarkH. 


30  inches 
20  inches 

r20  inches 

\Rain. 
40  inches 
35  inches 

Do. 
35  inches 

35  inches 

35  inche8 


for  4  days, 
for  6  days, 
for  3  days. 

for  5  days, 
for  3  days. 

for  2  days. 

for  4  days. 

for  3  days. 


Summary. 

Area  irrigated acres. 

Water  used acre-feet. 

Depth  of  irrigation feet. 

Depth  of  rainfall do. . 

Total  depth  of  water  received  by  land do. . 


17.00 
42.28 

2.48 
.47 

2.95 


H 


oriivpry  <iiii  r>e  c&rriNi  oui  on  a  muM 
of  sUramx  ur  wrlb.  aad  wiLbuut  utora^ 
Ah  wiu<  !(aid.  the  duty  ikuiiunetl  in  tb 
Company  in  1  inch  lo  5  m^n».  This  wi 
U>adi^pth  of  0.:^  foot  per  month,  or 
wBlnr  WHS  uavd  con.-'limtly,  but  them  it 
in  th<-  w»>  durinnf  the  nuny  season.  1 
show  lui  avpnm^  depth  of  2.24  fiwl  for 
ha^  the  water  u^ed  come  up  to  the  asint 
iif  tlio  xhorta^'  oot^urrod  in  th«  muni 
dronjfht  of  the  paxt  three  years  has  i-ei 
it  ht  [M>!<xil)le  that  irriptton*  tiare  nob 
would  hav>\  had  ii  hirger  Hupply  been  ^ 
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DXTTT  OF  WATSE  DT  NEBKA8KA. 

By  Special  Agent  O.  V.  P.  Stout, 
Professor  of  Civil  Engineering,  DnivergUy  of  Nebraska. 

OAOINOS  OF  THE  NOBTH  PLATTE  BIVEB. 

Graging  stations  have  been  maintained  for  several  years  by  the  United 
States  Geological  Survey  at  Gering  and  at  Camp  Clarke  on  the  North 
Platte  River  in  Nebraska.  From  the  records  of  these  stations  the 
daily  mean  discharge  of  the  river  at  those  points  during  the  open  sea- 
son of  each  year  has  been  estimated.  In  the  spring  of  1899  it  seemed 
that  a  comparatively  small  amount  of  work  in  addition  to  that  of  the 
Geological  Survey  would  secure  results  which  would  be  of  value  as 
bearing  upon  the  practice  of  irrigation  under  the  canals  which  divert 
water  from  the  river  at  points  between  the  two  gaging  stations.  The 
plan  was  to  obtain  the  area  of  land  irrigated  by  water  diverted  between 
these  two  stations  and  to  obtain  from  the  discharge  records  of  the 
river  the  approximate  quantity  of  water  used  on  this  land.  The  work 
would  be  simplified  by  the  total  absence  of  surface  tributaries  entering 
on  this  length  of  the  river. 

Soon  after  the  work  was  commenced  it  was  arranged  that  the  expense 
should  be  borne  by  the  Agricultural  Experiment  Station  of  the  Uni- 
versity of  Nebraska.  In  view  of  the  limited  sum  available,  it  was 
decided  that  an  effort  should  be  made  to  secure  only  general  results 
covering  the  considerable  territory  involved.  It  is  a  matter  of  regret 
that  the  results,  in  addition  to  being  general  in  their  nature,  are 
uncertain  in  value  to  an  extent  greater  than  was  anticipated  when  the 
work  was  undertaken. 

With  a  view  to  securing  increased  precision  in  the  records  of  the 
discharge  of  the  river,  it  was  determined  that  the  number  of  measure- 
ments of  discharge  should  be  increased  by  about  25  per  cent.  This 
has  been  done,  and,  although  certain  peculiarities  to  which  attention 
will  be  invited  appear  in  the  report,  there  is  no  reason  to  suspect  that 
the  results  have  been  less  accurate  than  Ihe  best  which  can  be  obtained 
in  streams  i  ^^e  shifting,  changeable  character  of  the 

North] 


150  THK    USE    OK    WATEH    IN    1BB1GAT105. 

The  following  tfthle  gives  the   dischar^rp  of  the  rivp 
gHging  8tatioQ!i: 

Oiti^aryt  ^  Ktnik  rimi  Sitr  al  ffVffing  Matimu  in  StimOat^m 


April  u-a* 

April  U-JO 

Mar  1-10 

Marilyn 

Majlt-» 

JliDCl-IO 

Jiinnll-sol     '  ! 

July  1-10 

jiiirii-» 

Julfll-U 

AiiKQ»ll-30i:^! 

Augutn-ti.,.. 
»«ptembrr  l-io . 
."trplimbrt  ll-M 
'^'pMnbertl-n 


irignlfi  in  /«W  Ay  diwrnon  towcen  GrfrM^,  .V<Ar.,  onrf  fiimp  Clarh,  Sik  | 


Name  o!  caiul.         Com.  Altalta. 

OW;    WkW-jbr. 

»"~|g^-|T™_W«| 

MinaliiR' '   '-a      HW  ' 

ffiSa:!.«.v.„,-::    Si   s.,, 

SlK.rtl.lnc. e7        SO 

IS        la 

as4 ,      »1 

"iliio" 
a.ai6 

TIB 

u         « 

-.■"!:::::-::;;;;;;:5'!l 

fk'linoiK r*       as 

Tulnl.             .,...    I.Wi.  i-,Sffl..-,        m      I.IU     ».W9 

.^.  .,— „,  „.l 
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Examination  and  analysis  of  the  discharge  record  at  the  two  river 
stations  for  the  balance  of  the  season  only  confirm  the  conclusion 
which  the  facts  already  pointed  out  would  justify,  namely,  that  even 
general  approximate  conclusions  respecting  the  quantity  of  water 
used  for  irrigation  from  a  stream  of  the  size' and  character  of  the  one 
under  discussion  can  be  based  only  on  direct  observation  of  the 
amount  of  water  carried  in  the  canals. 

GAOINOS  OF  CANAIiS. 

Aside  from  the  extra  gagings  of  the  river,  it  was  proposed  to 
secure  as  full  data  as  practicable  in  regard  to  operations  under  the 
irrigation  canals.  To  secure  an  estimate  of  the  amount  of  water 
divei'ted  into  each  of  the  several  canals  the  following  plan  was  relied 
upon: 

The  hydrographer  was  instructed  to  the  effect  that  opportunity  to 
gage  canals  was  to  be  sought  as  he  traveled  up  and  down  the  river 
between  Gering  and  Camp  Clarke.  Gage  rods  were  set  in  the  canals 
at  some  point  above  the  first  diversion  of  water,  the  ditch  riders 
agreeing  to  make  and  report  daily  observations  of  the  height  of  canal 
water  on  the  rods.  The  adoption  of  this  method,  at  best  lacking  in 
precision,  presupposes  a  considerable  number  of  gagings  distributed 
throughout  the  season  and  that  the  records  of  voluntaiy  observers 
will  be  fairly  complete.  Reasonable  certainty  attaches  to  the  results 
which  are  submitted  about  in  proportion  as  these  suppositions  have 
been  found  coiTect. 

The  hydrographer  was  depended  upon  to  determine  also,  as  closely 
as  possible  without  actual  sur\'ey.  the  acreage  and  kind  of  crops  under 
each  canal.  He  was  also  to  endeavor  to  collect  the  infoimation  neces- 
sary to  a  reliable  estimate  of  the  yield  of  different  crops  and  as  to  the 
effect  of  irrigation  upon  the  soil,  especially  in  regard  to  alkali,  raising 
of  the  level  of  ground  water,  and  as  to  whether  drainage  is  necessary 
or  advisable  in  certain  cases. 

MINATARE   l^ANAI.. 

Taking  the  canals  in  their  order  downstream,  the  Minatare  Canal  is 
the  first  to  be  considered.  This  is  the  oldest  of  the  canals  embraced 
in  the  present  discussion,  having  been  first  used  in  1888. 

Measurements  of  discharge  were  made  a.s  follows: 


Diitr 


I 


!     Moan       Arcttuf 
^*^''-     veli^Kv  '     crow 


May  25 . 
June  21. 


FeetpfT     Saware 
FM.      tecond,  I     ^-' 

2:15        a« 

2.66  1.77 


chargc. 


iSAdt>U0» 
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Thti  fwt  that  ihi^  it-se*  Hivaof  cross  section  ot-cui^  in  TOnnMi""!*;^! 
till-  ijrwitvr  di.tcharf^  «nd  hviffht  of  w-atcr  i^urface  indk'at^  ibiikl 
I'liiiiil  has  siltwl  up  fonfidprahly  at  the  ^a^ing'  sectJoo  during ibfWl 
]«-rii)d  iK'tworn  gainings.  This  is  a  feature  which  seriousk  it 
tin-  value  of  the  rtTord  of  gage  heights  as  a  baisiH  for  the  ftiiiaaMj 
nf  the  amount  of  water  which  flowed  in  the  canal  during  ibf  -< 
Till'  rword  of  gage  heights  ciivers  tiie  periods  from  Mav 
August  8,  at  which  latter  date  the  (.-anal  Vios  shut  down  for  Ih--  - 
It  was  also  shut  down  from  June  SO  to  July  l*i.  The  record  llllt^-^ 
iliiysof  Itcing  complete.  The  gage  heijjhts  ranged  much  of  ilit-t 
from  2.40  t«i  2.70  feet,  the  extreme  ranjjre  reported  being  fron:  IX 
^.sii  feet. 

On  the  basis  of  measurements  and  obsei-vations  which  have  bw  j 
i-ollcctcd  it  iw  ("Ntimated  that  ti.TiX)  acre-feet  flowed  in  the  canal  Jiirie  { 
ihe   iHTiixi  from   May  2S  to  August  8.      The    accom|mnyii 
(]).    li'iD)  shows   that  this   canal   supplied  water    for   4.542  acres  of  I 
iTops.     Th«  duty  of  water  us  measured  at  the   gagiing  section  c«rn-  1 
spohds,  therefore,  to  the  depth  of  1.475  feet  upon  the  land  irrii'ati'J. 
Il  is  worthy  of  note  that  nearly  three-fourths  of  the  acreage  irrigstM 
under  this  cimal  was  in  hay. 

PTKAMBOAT   C'ANAL. 


A  gilgli 
culiic  feet  pe 
there  WHS  no 
of  any  vidue. 
diiririfT  much 
uiiti'f  for 


i>{  this  ennal  on  .lune  6  showed  that  it  whs  cjirrving  1153 

second.     On  September  21  the  hydrographer  noted  ilia' 

lisdnuge.     The  record  of  gage  heigbt.s  ij;  too  brief  to  be 

There  are  indications  that  the  canal  w-a,s  shut  down 

of  tlie  season.     As  noted  in  the  table  (p.  150).  it  carrieii 

acres  of  crops,  more  than  three-fourths  of  whieb 
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It  is  to  be  noted  that  in  the  case  of  the  two  gagings  by  meter  the 
less  area  of  cross  section  occurs  in  connection  with  the  earlier  or 
greater  discharge,  this  indicating  that  the  canal  had  washed  out  to 
some  extent  during  the  summer.  As  noted  in  the  case  of  the  Mina- 
tare  Canal,  the  effect  of  this  is  to  impair  the  value  of  the  record  of 
gage  heights  for  the  purposes  intended.  The  record  of  gage  heights 
was  one  of  the  most  faithful  which  was  secured.  It  extends  from 
June  6  to  September  21.  There  is  no  record  of  the  canal  having 
been  shut  down  during  that  period.  Taking  the  record  of  gage 
heights  in  connection  with  the  measured  discharges,  it  is  estimated 
that  6,600  acre-feet  of  water  were  carried  in  the  canal  during  the 
period  of  record.  As  this  was  applied  to  3,487  acres  of  crops,  it  indi- 
cates a  duty  of  water  corresponding  to  a  depth  of  1.89  feet  over  the 
irrigated  area.  The  general  tendency  in  the  variation  in  the  use  of 
water  seems  to  have  been  in  the  direction  of  using  a  uniformly 
decreasing  amount  as  the  season  advanced,  the  rate  of  use  in  Septem- 
ber being  about  half  that  in  June. 

NINE-MILE   OR  BAYARD  CANAL. 

The  following  tabulation  sets  forth  the  measurements  of  discharge 
which  were  made: 


Date. 


May  26... 
July?.... 
August  11 


Qage. 

Mean 
velocity. 

Area  of 

cro0B 

section. 

1.15 
2.30 
No  rod. 

Feetper 

second. 

0.50 

1.54 

Square 
feet. 
18.7 
60.0 

Dis- 
charge. 


Cubicfeet 

per  second. 

9.35 

92.10 

34.69 


There  is  no  indication  from  these  gagings  that  there  was  any  mate- 
rial change  in  the  bed  of  the  canal  during  the  interval  between  them. 
The  record  of  gage  heights  was  begun  on  May  25  and  does  not  extend 
beyond  July  17.  It  is  estimated  that  4,090  acre-feet  of  water  flowed 
in  the  canal  during  this  period.  Three  thousand  one  hundred  and 
ninety  acres  were  irrigated.  This  indicates  that  sufficient  water 
flowed  past  the  gaging  section  to  cover  the  irrigated  land  to  the  depth 
of  1.28  feet.  The  actual  amount  which  flowed  during  the  season  is, 
of  course,  considerably  in  excess  of  this,  since  the  record  is  incom- 
plete, as  noted.  The  canal  at  a  distance,  of  1,000  feet  below  the  head- 
gate  has  a  nominal  depth  of  H  feet,  is  20  feet  wide  on  the  bottom,  and 
has  a  grade  of  2  feet  per  mile. 
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CHimnET  BOOK  GAVAXi. 


Gai^ngd  were  mtide  an  follows: 


lHit4r. 


Willi  bran<*h: 
June?  ... 

Kant  hranrh: 
June?  ... 


Oa«^ 

MMn 

volooitj. 

▲nwcf 

Ufr 

1.90 
t.40 

.10 
S.70 

avo 

S.40  > 

IT.S 

GhMtJW 
lU 

t 

.70   

4« 

lk)tli  of  thesr  sots  of  gafpngs  nhow  evidenoe  of  the  canal  being  oQtod 
up  at  the  gage  to  sueh  an  extent  that  a  rating  is  out  of  the  queotion. 
An  estimate,  however,  Imncd  on  these  gagings  and  on  the  somewhit 
insuttieient  reeord  of  gage*  heights  has  been  attempted  with  the  follow- 
ing results: 

AI>out  r>jNH)  aere-feet  flowi^d  in  the  canal  between  the  dates  June? 
and  ()(*tol>er  LO,  and  was  applied  to  1,17^  acres  of  crops.  This  would 
mean  Ix'tween  5  and  «>  feet  in  depth  of  water  on  the  area  irrigated. 
Tliis  seems  excessive,  and,  in  view  of  the  scantiness  of  the  data  on 
wliich  it  is  Inisod,  can  not  1n'  accepted  as  conclusive.  The  fact,  how- 
<*vcr,  that  tli<*  i>eriod  of  time  covered  is  longer  than  in  some  of  the 
(*unals  alreudv  disi'ussed  will  account  for  some  of  the  excess  above  tlie 
tigures  noted  in  conne(*tion  with  those  canals. 

AIJJANCK   ('ANAL. 

The  hydrogniplier  rejx)rts  gagings  as  follows: 


^  Diit.  . 


Mean 


Ow.    velocity.       •= 


Area  of 

■ 
nectlon. 


chAife. 


I 


/MfMT       SotMorr  \  OMefat 
.   J'hi.      wvDJMf.        fert.       permamL 

Mhv2I i      0.«7  l.»  7.2'  US 

.lulyJT 1.60  1.84  11.4  U.S7 

St'|iH-in»M'r  1:J !      1.70    1141   j 


Here  again  it  seems  dear  that  tin'  canal  silti'd  up  to  some  extent 
during  the  periini  of  record,  and  that  a  rating  for  dirivt  application 
can  not  )»e  entirely  relied  uiK)n.  However,  it  has  Ix^cn  used,  and  [ 
results  will  })e  pn»sented  for  later  confirmation  or  disproof.  In  the 
(iise  of  this  canal  we  have  what  would  seem  to  be  a  complete  and 
faithful  record  of  gage  heights  from  the  beginning  of  the  work  oo 
May  2i  until  August  24.  From  this  record,  in  connection  with  the 
measurements  of  disi^harge.  it  is  estimatt^d  that  between  the  dates 
May  24  and  0<'t<)lK?r  1,  2,2(K>  acn»-feet  of  water  passed  the  gaging 
section.  Five  hundred  and  sixty -t»ight  acres  were  irrigated.  Tbh 
corres{X)nds  to  an  amount  which  would  cover  the  irrigated  w 
4  feet  dec]). 
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BELMONT  CANAL. 

While  this  is  the  largest  canal  among  those  under  consideration,  very 
little  irrigation  was  attempted  last  year  on  the  lands  under  it.  Only  103 
acres  have  been  reported.  Of  course,  an  amount  of  water  considera- 
bly in  excess  o^  that  required  to  water  this  land  passed  down  the 
ditch,  but  as  the  record  book  was  lost  by  the  observer,  there  is  no 
basis  for  an  estimate. 

Eknpire,  Schermerhorn,  and  H.  T.  Clarke  are  simply  minor  ditches, 
the  small  operations  under  which  the  hydrographer  could  not  find  it 
convenient  to  make  note  of. 

The  rainfall  for  the  year  1899,  as  measured  at  the  two  gaging  sta- 
tions by  the  United  States  Weather  Bureau  observers,  was  as  follows: 

PrecipUation  at  Oering  and  Camp  Ctarke,  Nebr,,  1899. 


Month. 


Camp 
Clarke. 


January  . 
Febmary 
March  ... 

April 

May 

June 

July 


Oering. 

Camp 
Clarke. 

Inehei. 

Inehet. 

»0.80 

0.80 

1.04 

.80 

1.92 

1.40 

.41 

.63 

7.72 

2.76 

1.77 

1.58 

1.90 

2.26 

August 

September 

October 

November 

December 


Total 


'  Record  incomplete  for  this  month. 

The  total  precipitation  for  the  months  April  to  September,  inclusive, 
at  Gering  was  14.23  inches.     At  Camp  Clarke  it  was  9.19  inches. 

The  results  of  measurements  of  the  canals  are  brought  together  in 
the  following  table: 

Duty  of  water  under  canciUfrom  the  North  Platte  Riv.T  in  Nebraska. 


Canal. 


Minatare  Canal 

Castle  Rock  Canal 

Nine  Mile  or  Bayard  Canal 

Chimney  Rock  Canal 

Alliance  Canal 


Area  irri- 
gated. 


Depth  of  water  received. 


Acrfs. 
4,542 
3,487 
3,190.5 
1,176 
568 


Irrigation. 


Feet. 
1.476 
1.89 
1.28 
5.10 
3.87 


Rainfall.! 


Feet. 
0.98 
.98 
.98 
.98 
.98 


Total. 


Feet. 
2.456 
2.87 
2.26 
6.08 
4.85 


>  Mean  of  two  stations  from  April  to  September,  inclusive. 


While  it  can  not  be  claimed  that  the  element  of  precision  attaches  to 
the  work  which  him  l)een  discussed  in  the  foregoing  paragraphs,  it 
seems  that  it  may  serve  as  a  basis  for  a  positive  statement  on  one 
point.  It  has  been  a  common  custom  in  dealing  with  estimates  of 
water  supply  and  the  duty  of  water  in  Nebraska  to  assume  that,  on 
the  average,  after  the  art  of  irrigation  has  been  learned  and  the  sub- 
has  absorbed  its  complement  of  water,  a  depth  of  12  inches 

vether  with  the  i*ainfall,  will  raise  a  crop.     It  is  evi- 
practice  has  not  been  reached  under  these  canala. 
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DTJTT  OF  WATSE  TTHDEE  OOTHZVBUSO  CAVAL. 

(Map,  Plate  XL.) 

Early  in  the  season  of  1899  it  was  arranged  as  a  part  of  the  r^fular 
work  of  the  invt'isti^tion^  that  records  should  be  kept  in  connection 
with  opi^rutions  uiidi'r  the  Gothenburg  Canal  in  Dawson  CSounty, 
Nebr.  By  nii^iis  of  the  standard  apparatus  of  the  investigation 
a  record  was  obtained  of  the  total  amount  of  water  entering  the  canal 
from  June  7  to  Septt^mber  30,  and  of  the  amount  applied  on  the  farm 
of  Ml*.  1).  W.  Daggett  from  June  19  to  September  30.  The  main  facta 
of  intc^rest  relating  to  the  plant  are  noted  in  the  following  letter, 
which  was  writUMi  under  date  of  October  2,  1899,  by  Mr.  C.  A. 
Edwards,  engineer  of  the  canal: 

The  (Tothenbur^  Water  Power  and  Irrigation  Company's  canal  is  situated  in  the 
weHti^rn  i»art  of  DawHoii  C^ounty,  and  eroHHes  the  one  hundreth  meridian  about  20 
uiileH  from  itH  head.  It  wan  partly  built  in  1H90  and  1801  and  was  completed  in 
1895,  and  in  now  ^10  milciH  in  length,  with  al)Out  40  miles  of  laterals.  The  capacity  of 
the  irrigati<m  {Kirtitin  Ih  ff)r  14,(KM)  acni*  of  land;  the  grade  is  1  foot  in  5,000  feet 
We  have  watere<l  thin  Heuwin  a  little  over  0,000  aercH  of  land,  2,400  being  small  grain, 
3,400  corn,  and  about  200  Avrvt*  of  alfalfa,  and  the  UMnainder  grain,  etc 

The  yield  under  the  dit(rh  hax  nin  from  7  to  'SO  bushels  of  wheat  this  season. 
When^  the  wh(*at  wa^<  a  {MMir  en>p  I  would  ^4ay  that  it  was  damaged  by  the  Heesian 
fly.     The  corn  crop  will  averajre  from  50  to  70  bushels  per  acre. 

The  amount  of  wattT  delivered  from  the  main  t^anal  is  shown  by  the  register  sheets 
whi(*.h  we  have  ^4(^nt  you  w(*ekly.  At  Mr.  Daggett's  the  register  did  not  work  satis- 
factorily, but  we  have  minned  only  one  wiH.^k  while  the  water  waM  running — Septem- 
Ixir  10  to  2li — and  the  amount  that  week  was  eriual  to  the  amount  from  the  23d  to 
the  'M)\hy  which  we  have  given  you  in  miner's  inches. 

Mr.  I>aggett  had  in  .'^5acreH  of  winter  wheat,  the  yield  of  which  was  25  bushels  per 
acn*.,  and  25  acr(*H  of  n»rn,  the  yiel<l  of  which  wan  ((5  bushels  i)er  acre.  This  was  all 
the  crop  that  was  wateriMl  by  water  ninning  through  the  measuring  weir. 

There  was  one  i>arty  who  H(jwe<l  7  at'reH  of  buckwheat  and  thrashed  out  154  bnshels 
of  grain,  for  which  he  nveivtHl  75  cents  jwr  bushel. 

Alfalfa  does  very  well  here,  cutting  1}  to  2  tons  at  each  cutting  and  three  to  four 
cuttingH  ]HT  season.  C-orn  is  the  staple  crop.  Wheat  is  worth  here  in  the  market 
from  50  to  55  cents  |H'r  bushel,  and  com  from  15  to  20  cents  per  bushel. 

The  jKM)ple  under  our  canal  schmii  to  Ix;  very  well  satisfiwl  with  the  water  furnished 
them.  We  deliver  about  2  cubic  feet  i>er  Ke<^)nd  of  water  to  eai^h  patron  and  not 
less,  wliethcr  he  lias  a  small  water  right  or  not,  limiting  the  time  rather  than  the 
flow  of  water.  We  find  this  a  great  deal  mon*  satisfactory  than  to  deliver  one-half 
cubic  f4M)t  {XT  second  t)n  40  acn*s.  It  is  better  for  the  fanner  and  the  ditch  company 
also,  as  a  large  stream  will  cover  mon;  trround  than  a  small  stream  running  fall  time. 

The  subjoineil  tabulations  set  forth  the  results  obtained: 


MmMff  preclpifafUm  at  (iaihenburtfy  Xebr.y  1899, 

Inchoh.  Inches. 

August 1.93 

September 60 


April 0.41 

Mav 4.01 

June 2.16 

Julv 1.08 


Total 10.19 


^  Office  of  Ezperimeul  ^latioiiA,  United  States  Department  of  Agriculture. 
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Woier  discharged  by  the.  Oothenburg  Canaly  June  7  to  September  SO,  1899. 

[Seodia^nim.  PI.  XX,  p.  76.) 


Day. 

June. 
Acre-feet. 

July. 

August. 

September. 

1 

Acre-feet. 
193.2618 
181.9910 
182.5689 
162.3893 
169.2397 
204.2938 
147.3078 
84.8298 
97.5966 
134.2545 
159. 1402 
185.1098 
184.5298 
201.4006 
199.7245 
200.3585 
192.3830 
185.7055 
197.7352 
209.0522 
213.5207 
216.9674 
220.8308 
221.7937 
216. 1476 
189.9424 
188.7925 
167.0458 
176.0797 
166.7813 
162.6209 

Acre-feet. 

133.2049 

112. '2315 

137.8816 

161.4043 

142.2251 

127.9279 

118.5133 

70.0714 

59.4027 

12.8339 

Acre-feet. 
153.1667 

2 1 

150.0804 

3 i 

145.9771 

4:::::::.:::::::::::::::::::::: :::::::         ':::::::: 

140.8587 

6 1 

112.5061 

6 

107. 2158 

7 

8 

9 

10 

70.0763 
131.2460 
41.1236 
32.8073 
145.8275 
147.9195 
145. 1559 
141.4441 
134.8146 
142.6964 
148.0958 
155.5624 
155.0055 
167.0403 
178.2886 
186.9791 
185.9046 
185.6171 
179. 1158 
198.2978 
187.0730 
188.4005 
197.3041 
202.0668 

75.6788 

61.4501 

95.3960 

113.3629 

11 

98.6471 

12 

80.2601 

IS 

75.9543 

14 

94.2995 

15 

95.7359 

16 

10.7671 
73.3322 
70.0954 

117.7786 

17 

125.8655 

18 

156.3031 

19 

173.0666 

20 

121.3553 

116.9668 
126.6240 
138.8584 
142.4916 
140.8279 
142.2493 
171.6542 
173.0200 
173.6845 
170.6236 
149.9006 

63.7272 

22 

131.2451 

24 : 

138.2376 
119.9843 
109. 1212 

26 

95.4941 

77.3916 

28 

77.8337 

29 

85.2397 

30 

113.0827 

31 

3,642.8566 

5,613.3945 

2,876.0924 

3,299.3668 

Duiy  of  water  under  Oothenburg  Caned. 

Area  irrigated acres. 

Water  used acre-feet. 

Depth  of  irrigation feet. 

Depth  of  rainfall do. , 


Total  depth  of  water  received  by  land 


do. 


6,000 
15, 431.  7103 

2.57 
.85 

3.42 


Water  uned  on  the  farm  of  I).  W.  Daagett^  near  Oothenburg^  Nebr,,  June  19  to  Septem- 
ber SO,  1899, 


[.See  diagram,  PI.  XXI.  p.  76.] 


Day. 

June. 

July. 

Acre-fed. 
0 
0 
0 
0 

4.5804 

5.7468 

5.4480 

4.1620 

.2563 

.0044 

.0432 

.0521 

.0684 

.0476 

.0185 

0 

August. 

Acre-feet. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8eptember. 

1 

Acre-feet. 

Acre-feet. 
2. 5823 

2 

2.8419 

3 

2.8971 

4 

2.6415 

5 

.5206 

6 

.0750 

7 

0 

8 

0 

9 

5.4742 

10 

5.8137 

U 

4.6743 

12 

3.8601 

18 ..... 

2.0284 

M 

1.8811 

15 

••• 

8.1128 

16 

8.4700 

I       li 

T-<-l SS-OM 

M.«S«B           SS.TU 

nr.A.  BdwmidB, 

iMan  ../  wahr  O.I  fiir«,  ./  ft.  W. 

ftiSjrtf. 

WatiTiu*!!                                                        .      ... 

IJpfrth  ..Mm)»ti.in 

feet..         t 

do... 

ToiHl  .l.-i,tl.  '.f  wiiUT  rvn-ivt*!  by  Uu'l .. 

*>...         3. 

It  iM  t4»  In-  noU'A  (li»t  th<>n>  was  little  difference  betweeo  til 
of  wHt^^r  iipplifd  <iii  the  i>^n^tt  farm  and  the  vrerage  unoni 
Ut  hII  Inmi'  iitiilt-r  tlx-  i-aiittl.  This  slight  difference  ia  aome 
priMiiij;  wIk-ii  it  is  n-nu-iii)MT<-(l  that  tht-  duty  of  water  as  nob 
iwiut  is  whiil  may  Ih-  li-niicd  (h(>  beadffutf  duty,  and  incladed 
Het^imfTf  and  t-viiponition  fmni  the  canal,  together  with  suet 
th«-n-  may  Ih-  from  tlic  lower  <-nds  of  the  liitcralH.  It  indicate 
losses  from  sih-jmi;^*'  ai'c  iimch  li'ss  than  frequently  eziat. 

The  work  in  tin-  North  Platte  Viilli-y  viewed  in  the  light  of 
prrciw  work  xeciiis  to  itn-seiit  no  espocially  ftlmormal  featun 
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DTTTT  OF  WATES  USDES  THE  AMITT  GAHAL. 

By  Special  Agent  Thomas  Berry, 
Chief  Engineer  of  the  Cheat  Plains  Water  Company, 

LOCATION  AND  DESCRIPTION  OF  CANAL  STSTEK. 

The  use  of  water  described  in  this  report  occurred  under  the  canal 
system  of  the  Great  Plains  Water  Company,  located  in  the  Arkansas 
Valley,  on  the  north  side  of  the  river  in  Otero,  Bent,  Kiowa,  and 
Prowers  counties,  Colorado,  and  in  Hamilton  County,  Kansas.  It 
comprises  the  Amity  and  Buffalo  canals,  and  a  storage  system  from 
which  a  supplementary  supply  for  these  canals  is  derived  and  lands 
above  them  may  be  irrigated.  The  accompanying  map  (PI.  XLI) 
shows  the  extent  of  the  system  in  Colorado. 

The  development  of  the  reservoir  system  is  a  result  of  the  uncer- 
tainty that  the  river  will  provide  an  adequate  direct  supply  for  the 
Amity  Canal,  and  may  be  considered  an  independent  project. 

AMITY    CANAL. 

In  Colorado  the  service  of  the  Amitv  Canal  is  confined  to  Prowers 
County,  and  in  Kansas  to  Hamilton  County.  It  has  a  capacity  of  740 
cubic  feet  per  second  at  the  headgates  and  177  cubic  feet  per  second  at 
the  State  line.  The  maximum  and  minimum  grades  are,  respectively, 
1.584  feet  per  mile  and  1.056  feet  per  mile. 

The  width  of  the  bottom  varies  from  32  feet  at  the  headgates  to  16 
feet  at  the  State  line  and  14  feet  at  the  terminus,  and  the  heights  above 
grade  to  which  water  is  run  at  these  points  are  6  feet,  3.5  feet,  and  3 
feet,  respectively.  The  slopes  of  the  standard  embankment  through- 
out are  1  on  2  on  the  water  side,  and  1  on  1.5  on  the  outer  side;  the 
minimum  width  on  the  top  is  8  feet,  and  the  height  above  high-water 
mark  is  1.5  feet.  All  embankments  over  6  feet  in  height  at  crossings 
of  "draws"  (dry  ravines),  creeks,  and  arroyos  have  slopes  of  1  on  3  on 
the  water  side  and  1  on  1.5  on  the  outer  side,  and  are  not  less  than  12 
feet  wide  on  the  top,  which  V  ^  high- water  mark.     The 

excavation  on  the  upper  dd  of  1  on  1. 
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The  const  ruction  of  the  canal  was  commenced  in  the  igpmg  of  li 
hut  the  work  which  brought  the  property  to  ita  preaent  otafe 
development  did  not  \^egin  until  the  spring  of  1898.  Until  the  k 
year  the  (*anal  depended  altogether  upon  sand  and  brtiah  dams  fen 
diversion  of  its  supply  from  the  river,  a  condition  which  in  itaelf 
sufficient  to  hinder  the  progress  of  agricultural  improrenient 
advancement.  That  year  a  pile  and  frame  dam  and  new  hend| 
were  built,  and  early  in  1895  work  on  the  enlargement  and  extM 
of  the  liinal  was  (*omnien(«d. 

iSand  tra|)s  in  combination  with  chec^k  and  waste  gates  are  bai 
the  (iinal  at  a  point  :^^HHl  feet  from  the  headgatea.  To  maintaii 
priori  tii*H  of  the  canals  lower  on  the  river,  there  Is  alwaya  suffii 
wat<M'  turned  out  at  this  point  to  carry  the  sand  comingf  in  at  the  li 
gates  biK'k  to  the  river,  so  that  no  tixiuble  is  experienced  ^th  : 
the  c*anal. 

Other  structures  and  appurtenanc*es  of  the  itmal  are  a  meaan 
flume:  check  and  waste  gates  at  Big  Sandy  Creek:  waste  gate 
Buffalo  Creek;  and  check  and  waste  gates  at  Cheyenne  Creek; 
lateral  gates  and  bridges. 

All  lateiui  gates  are  constructed  of  lumber,  and  those  for  i 
vidual  water  rights  are  furnished  with  double  valves  arranged  so 
the  water  i^n  be  cut  off  by  the  user,  but  increased*  the  head  rem 
ing  constant,  only  by  the  patrolman. 

There  is  not  a  flume  in  the  length  of  the  Amity  Canal,  the  wi 
ways  all  being  crossed  by  means  of  fills.  Spillways  are  ^ner 
provided  in  favomble  locations  at  each  end  of  the  embankment  an 
a  safe  distance  therefrom  by  keeping  construction  down  to  the  hi 
water  line  of  the  canal.  This,  of  course,  can  be  onh' a  partial  rem 
of  the  danger  at  such  points,  and  while  the  method  of  oonstrue 
may  be  ec^onomical  at  those  creeks  which  are  crossed  nearly  on  a  le 
it  is  very  doubtful,  everything  considered,  if  it  is  so  at  the  dec 
crossings.  Usually  the  cost  piu*  cubic*  yard  of  moving  materia 
such  times  as  breaks  occur  is  very  high;  in  fact  it  may  always  be  < 
sidered  a  maximum  one,  and  each  succeding  break  is  more  expens 
to  repair  than  its  predecessor,  from  the  fact  that  the  point  fi 
which  material  can  )>e  obtained  keeps  receding. 

Except  for  the  creeks  and  their  *' breaks,-'  which  are  confined 
narrow  margins  on  either  side,  the  surface  of  the  country  watered 
the  Amity  Canal  is  smooth  and  unbroken.  The  high  land  betw 
the  main  drainage  ways  as  a  general  rule  slopes  unbrokenly  and  i 
formly  either  way  to  the  drainage,  while  the  slope  to  the  south  on 
summit  is  always  irregular,  one  or  more  points  inaccessible  to  wi 
inten*ening  between  the  canal  and  the  **  })luffs  *'  which  bound  tlie  ri 
bottom  lands.  The  slope  of  the  country  from  the  north  toward 
river  is  about  20  feet  per  mile. 
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The  main  laterals  are  constructed  by  the  company  and  afterwards 
incorporated  and  turned  over,  for  management,  operation,  and  main- 
tenance, to  the  owners  of  the  lands  which  are  watered  from  them. 
Their  capacities  run  from  3  cubic  feet  per  second  for  mdividual  rights 
to  67  cubic  feet  per  second  for  the  larger  laterals.  The  same  care  that 
governed  the  construction  of  the  main  canal  was  and  is  being  used  in 
the  construction  of  the  main  laterals.  They  are  all  built  on  uniform 
grades,  and  where  the  country  is  steep,  excess  slope  is  overcome  by 
the  introduction  of  wooden  drops. 

The  Amity  Canal  is  in  irrigation  district  No.  67  and  has  an  appropri- 
ation of  283.5  cubic  feet  per  second,  dating  from  February  21,  1887. 

BUFFALO  CANAL. 

The  Buffalo  Canal  heads  north  of  the  town  of  Granada,  an^is  located 
along  the  base  of  the  steep  slopes  which  divide  the  "bench"  land  from 
the  bottom  land,  having  a  length  of  16  miles  in  the  State  line.  It  has 
a  gi'ade  of  5.28  feet  per  mile  and  a  capacity  of  215  cubic  feet  per 
second.  By  reason  of  its  location  accidents  to  this  canal  are  numerous 
during  the  i*ainy  season,  and  the  cost  of  maintaining  it  is  very  high. 

It  is  in  irrigation  district  No.  67  and  has  an  appropriation  of  67.5 
cubic  feet  per  second,  dating  from  January  29,  1885. 

RESERVOIR  SYSTEM. 

The  reservoir  system  consists  of  the  King,  Neeskah  (Queen),  Neeno- 
she,  Neegronda,  and  Neesopah  reservoirs;  a  right  of  way  through  the 
Fort  Lyon  Canal  from  the  headgates  to  Gageby  Arroyo  (PI.  XLII, 
fig.  1),  a  distance  of  42  miles;  Kicking  Bird,  Satanta,  and  Lone  Wolf, 
all  supply  canals;  and  the  Comanche  and  Pawnee,  both  outlet  canals. 
The  Fort  Lyon  Canal  and  the  Kicking  Bird  Canal  are  the  main  feed- 
ers, and  their  capacities  are,  respectively,  1,700  and  1,000  cubic  feet  per 
second.  The  grade  of  the  former  varies  from  1.584  feet  per  mile  to 
2.112  feet  per  mile,  and  for  a  short  distance  through  rock  on  the  west 
side  of  Horse  Creek  it  has  a  fall  of  5.28  feet  per  mile.  The  Kicking 
Bird  Canal  has  a  uniform  grade  of  1.056  feet  per  mile,  except  on  2.5 
miles,  which  fall  at  the  I'ate  of  0.75  feet  per  mile. 

The  Lone  Wolf  and  Satanta  canals  are  independent  feeders  to  Nee- 
noshe  and  Neeskah  reservoirs,  and  are  diverted  from  the  main  canal 
0.75  mile  and  1.5  miles,  respectively,  from  its  terminus. 

The  Lone  Wolf  Canal  is  4  miles  long  and  has  a  capacity  of  700 
cubic  feet  per  second.  Check  gates  are  constructed  at  its  head  across 
the  Kicking  Bird  Canal  for  the  better  control  of  the  division  of  the 
water  for  all  three  canals. 

The  Satanta  Canal  is  14.5  miles  long  and  has  a  capacity  of  350  cubic 
fee*  '^ 
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The  reservoirs  are  five  in  number,  with  capacities  as  foUows: 

OipacUiett  of  rftnTvoirn. 


Namf. 


No.  1,  King 

No.2,Oucen  (NeeHkah) 

No.  8,  NccnoMie 

No.  4,  Nceffronda 

Nu.  T).  Nccflopah 


INVESTIGATIONS  IN  1899. 

The  plaflH  for  the  ol)stM'vation  of  the  duty  of  water  under  the  Amity 
Canal  during  the  pa.st  seti.'ion  have  In^en  only  i)artially  carried  out, 
owing  to  the  failure  of  one  of  the  instruments  for  measuring  the  flow 
of  water.  One  of  the.  instruments  was  placed  in  Biles  Lateral  and  has 
worked  successfully.  A  record  was  also  kept  of  the  land  irrigated 
under  this  lateral,  so  that  the  returns  from  that  station  are  complete. 
Some  difficulty  was  exixM'ienced  in  finding  a  suitable  location  for  the 
other  instrument.  Finally  an  80-acre  tmct  was  found,  the  owner  of 
whicrh  was  verv  much  interin^U^d  in  the  work  and  anxious  to  do  all  he 
could  to  further  the  investigations.  A  fiume  and  register  were  put  in 
his  latenil.  hut  for  some  renson  the  clock  would  not  work.  It  was 
taken  out  and  repaired,  hut  again  failed  to  work,  so  that  there  are  no 
returns  for  that  lateral. 


DITTY    OK   WATKK    TNDKK   AMITY    ('ANAL. 

A  record  is  kept  hy  the  com)>aiiy  of  the  water  entering  the  Amity 
Canal  at  its  headgate,  and  also  of  the  acreiige  irrigated  under  the 
whoh*  system.  These  measurements  are  less  airurate  than  those  kept 
for  the  smaller  area  under  Biles  LatemU  and  the  distance  from  the 
headgate  to  the  land  irrigated  introduces  another  element  of  unoer- 
taintv.  sin(*e  there  are  no  records  of  the  losses  from  the  canal  from 
seejwge  and  evaporation.  Tlie  results  of  these  measurements  are 
given  1h»Iow. 


Pus  Dm  of  ««T..  Bui,  at.  OMu  df  Ekm  SuttMI. 


PLATE  XLII. 


vMii 


Fig.  1.— Wastewav  and  GageB'  Abbovo.  Great  Plains  Water  Comps 
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Water  diMcharged  by  the  Gothenburg  Canals  June  7  to  September  SO,  1899. 

[SeediagFam,  PI.  XX,  p.  76.] 


Day. 

June. 
Acre-feet. 

July. 

Acre-feet. 
193.2618 
181.9910 
182.5689 
162.3893 
169.2397 
204.2988 
147.3078 
84.8296 
97.5966 
134.2545 
159. 1402 
185.1098 
184.5293 
201.4006 
199.7245 
200.3585 
192.3830 
185.7055 
197.7352 
209.0522 
213.5207 
216.9674 
220.8308 
221.7987 
216.1476 
189.9424 
188.7925 
167.0458 
176.0797 
166.7813 
162.6209 

August. 

September. 

1 

Acre-feeL 

133.2049 

112.2315 

137.3816 

161.4043 

142.2251 

127.9279 

118.5133 

70.0n4 

59.4027 

12.8339 

Acre-feet. 
153.1667 

2 1 

150.0804 

3 

145.9771 

4 

140.8587 

5 1 

112.5981 

6 -- 

107. 2158 

7 

8 

9 

10 

70.0753 
131.2460 
41.1236 
32.8073 
145.8275 
147.9195 
145.1559 
141.4441 
134.8146 
142.6964 
148.0958 
155.5624 
155.0065 
167.0403 
173.2836 
186.9791 
185.9046 
185.6171 
179. 1158 
196.2978 
187.0730 
188.4005 
197.8041 
202.0668 

75.6788 

&1.4591 

95.3960 

113.3629 

11 

96.6471 

12 

80.2601 

13 

75.9543 

14 

94.2996 

15 

^.7359 

16 

17 

18 

19 

10.7671 
73.3322 
70.0954 

117.7786 
125.8655 
156.3031 
173.0666 

20 

121.3553 

116.9668 
126.6240 
138.8584 
142.4916 
140.8279 
142.2493 
171.6542 
173.0200 
173.5845 
170.6236 
149.9006 

63.7272 

22 

131.2451 

24 : 

138.2376 
119.9843 

25 

109. 1212 

26 

95.4941 

77.3916 

28 

77.8337 

85.2397 

30 

113.0827 

31 

3,642.8566 

5,613.3945 

2,876.0924 

3,299.3668 

Dviy  of  water  under  Gothenburg  Canal. 

Area  irrigated acres. 

Water  used acre-feet. 

Depth  of  irrigation feet. , 

Depth  of  rainfall do. . 

Total  depth  of  water  received  by  land do. . 


6,000 
15, 431. 7103 

2.57 

.85 

3.42 


Water  used  on  the  farm  of  D.  W.  Daggett,  near  Gothenburg,  Nebr.,  June  19  to  Septem- 

ter  30,  1899. 

[See  diagram,  PI.  XXI.  p.  76.] 


Day. 

June. 

July. 

Acre-feet. 
0 
0 
0 
0 

4.5804 

5.7468 

5.4480 

4.1520 

.2563 

.0044 

.0432 

.0621 

.0684 

.0476 

.0185 

0 

August. 

September. 

1 

Acre-feet. 

Acre-feet. 
0 
0 
0 
0 
U 
0 
0 

S 

0 
0 
0 
0 
0 
0 
0 

Acre-f^t. 
2.5625 

2 

2.8419 

3 

2.8971 

4 

2.6415 

5 

.6206 

6 

.0750 

7 

0 

8 

0 

9 

6.4742 

10 

6.8137 

U 

4.6743 

12 

3.8601 

13 

2.0284 

14 

1.8811 

15 

9 

16 

m 

lt)4  THE    USE   OF   WATER   lU   IBBIOATIOir. 

The  acreage  of  thn  variouH  cropx  t-ultivated  under  the  Amity  Canal 
during  the  seuiwn  of  189^  wan  an  follows: 

Acrraije  irrlgaUd  umln  Amilg  Uaiuil,  1899. 

E»ll  wheat 3,111 

Bpring  wheal 1,168 

Oatfl 2,071 

Bmley 279 

Cora 1,079 

OMie,eU' ^ 993 

Alfalfa 4,788 

Flax 365 

Broom  fora 175 

Cantaloupes 376 

OnhanI 271 

Mill«t  -.- 207 

Uanli-n 71 

T'ltai 15,796 

From  thr  almvc  tables  we  hare 

thi>  followin>r  Kunitiiary  showing 

th(!  duty  of  water  under  the  Amity 

Uinal  for  the  season  of  1899 : 

Ihity  of  imUr  vniUr  A  mity  f  ^ruil,  IS99. 

T<it»1  illHcharp.'  of  i-anal,  1899,  to 

(Jiiobt-r  1 acre-feet. .  7",  765 

A(r^ea|^>  irri)i;ute(l acres--  15,796 

]>ci>ih  of  irrigatiim feet..      4.92 

Depth  ufmhifall  at  1  Jtiiiar.  .ilo- .  -        .91 


This,  of  course,  makes  no  allow- 
an(«>  for  loss  of  water  Iwtween  the 
headgatpj4  nnd  the  pla(«  of  use. 
In  a  (.nrml  Imvintr  as  great  length 
as  the  Amity  C-anal  the  loss  from 
both  nec^payp  and  evajmration  is 
nofCMsarily  large,  so  that  the  land 
reeeivod  much  less  water  than  is 
indii'ated  iu  the  table. 

Kxprcs.'ied  in  the  lu'ual  way,  the 
■res  per  enbic  foot  per  second 


Pki.  H.— MHp  nf  Bilvfl  Lstcrul. 

above  results  show  a  duty  of  aliout  «0  i 

for  the  si-ason  of  lH-t  day.s  from  March  20  ti>  Oi-tober  I.  during  which 

the  water  ran. 
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DTTTT  OF  WATES  USDES  THE  AMITT  GAHAL. 

By  Special  Agent  Thomas  Berry, 
Chief  Engineer  of  the  Great  Plains  Water  Company. 

liOGATION  AND  DESOBIFTION  OF  OANAX  STSTEK. 

The  use  of  water  described  in  this  report  occurred  under  the  canal 
system  of  the  Great  Plains  Water  Company,  located  in  the  Arkansas 
Valley,  on  the  north  side  of  the  river  in  Otero,  Bent,  Kiowa,  and 
Prowers  counties,  Colorado,  and  in  Hamilton  County,  Kansas.  It 
comprises  the  Amity  and  Buffalo  canals,  and  a  storage  system  from 
which  a  supplementary  supply  for  these  canals  is  derived  and  lands 
above  them  may  be  irrigated.  The  accompanying  map  (PI.  XLI) 
shows  the  extent  of  the  system  in  Colorado. 

The  development  of  the  reservoir  system  is  a  result  of  the  uncer- 
tainty that  the  river  will  provide  an  adequate  direct  supply  for  the 
Amity  Canal,  and  may  be  considered  an  independent  project. 

AMITY   CANAL. 

In  Colorado  the  service  of  the  Amitv  Canal  is  confined  to  Prowers 
County,  and  in  Kansas  to  Hamilton  County.  It  has  a  capacity  of  740 
cubic  feet  per  second  at  the  headgates  and  177  cubic  feet  per  second  at 
the  State  line.  The  maximum  and  minimum  grades  are,  respectively, 
1.584  feet  per  mile  and  1.056  feet  per  mile. 

The  width  of  the  bottom  varies  from  32  feet  at  the  headgates  to  16 
feet  at  the  State  line  and  14  feet  at  the  terminus,  and  the  heights  above 
grade  to  which  water  is  run  at  these  points  are  6  feet,  3.5  feet,  and  3 
feet,  respectively.  The  slopes  of  the  standard  embankment  through- 
out are  1  on  2  on  the  water  side,  and  1  on  1.5  on  the  outer  side;  the 
minimum  width  on  the  top  is  8  feet,  and  the  height  above  high-water 
mark  is  1.5  feet.  All  embankments  over  6  feet  in  height  at  crossings 
of  '^draws''  (dry  ravines),  creeks,  and  arroyos  have  slopes  of  1  on  3  on 
the  water  side  and  1  on  1.5  on  the  outer  side,  and  are  not  less  than  12 
feet  wide  on  the  top,  which  is  3  feet  above  high- water  mark.  The 
excavation  on  the  upper  side  is  cut  down  to  a  slope  of  1  on  1. 
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166  THE    USK    OK   WATER   IN   IRRIGATION. 

A  vorv  raroful  rooord  was  kept  of  all  the  land  irrigated  under  this 
latonil.  The  areas  devoted  to  the  various  crops  are  Bhown  on  the 
map  (ti^.  14).     The  following  table  gives  the  acreage: 

Acreufjf  irrigated  under  Bilen  Lateral^  1899, 

Acre*. 

Fall  wheat 518 

Spring?  wheat 211 

Alfalfa :«7 

Gate 152 

Kalir  vi^Tw 70. 5 

Indian  com 141 

Cane 56.  o 


<Tarden 81 

Orchard 79 

Millet 6 

C/antaloupes 21 

Sod 204 


Total 1,8M 

From  the  alx)ve  tables  the  following  summary  of  duty  under  Biles 
lateral  is  obtained: 

Duty  of  imter  under  BiU»  lAiteral,  1899. 

DiHcharjre  of  lateral a<Te-fcet. .  3, 430.  2 

Area  irripited acret*..  1,884 


Depth  <if  irri^iration feet . .     1. 8207 

IX»pth  of  rainfall do...       .6850 

Total  <lepth  of  water  nn^cMViNl  hy  land do. . .     2. 5057 

The  length  of  season  from  the  lirst  to  the  last  irrigation  is  lt><)  days. 
For  that  length  of  season  the  duty  of  1  cubic  foot  per  second  is  about 
175  acres. 

IX>SS    OF    WATKU. 

The  preceding  tables  show  that  the  water  discharged  by  the  -^Vinity 
Canal  at  its  lic^adgjites  would  cover  the  land  irrigated  to  a  depth  of 
4.1*2  ft»et,  provided  it  all  nnichi^l  the  land.  The  depth  of  irrigation 
undrr  Biles  Ijatenil  is  J..S:>,  showing  a  los*^  of  r>8  per  cent  of  the  water 
iK^tween  the  headgates  and  the  latends,  sup{x>sing  that  Biles  Lateral 
correctly  rejn'esonts  tlie  whole  system. 

However,  this  lateral  does  not  fairly  represent  an  average  of  the 
whole  system,  so  that  the  loss  is  something  less  than  the  03  per  cent 
shown  l)y  <'omj>jiring  the  quantity  of  water  {mssing  the  headgates  and 
that  used  under  Biles  L4iteral. 

The  tiibles  given  indicate'  a  low  duty  under  the  Amity  Canal.  No 
doubt  the  duty  this  year  is  nuich  lower  than  it  lias  Iwen  in  previous 
years  on  account  of  weather  conditions  alone.  The  seepage  in  the 
early  part  of  the  season  all  along  the  canal  was  much  greater  than  has 
ever  before*  be(*Ji  olwerved,  a  result,  no  doubt,  of  the  excessive  frosts  of 
last  winter.  While  the  high  winds  usually  blow  during  the  months  of 
March,  April,  and  May,  they  commenced  this  year  a  month  later  and 
continued  on  through  Jiuu*.  The  compjirative  elfect  of  this  alone 
u])on  t'vaponition  was  very  ap))arent. 
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As  a  whole,  the  character  of  the  soil  and  the  configuration  of  the 
land  under  the  Amity  Canal  are  favorable  to  a  high  duty.  The  tem- 
porary conditions  which  are  unfavorable  to  a  high  duty  are  the  short 
time  the  land  has  been  irrigated,  the  inexperience  of  the  irrigators, 
and  to  some  extent  the  manner  in  which  the  water  is  conveyed  to  the 
land.  It  is  safe  to  say  that  75  per  cent  of  the  land  has  been  under 
cultivation  not  more  than  three  years,  and  50  per  cent  of  the  whole 
not  over  two  years.  Our  settlers  are  mostly  Eastern  people  who  never 
saw  irrigation  until  they  came  to  Colorado. 

In  so  far  as  an  economical  delivery  of  the  water  is  concerned,  we  are 
doing  all  we  can  to  eliminate  the  individual  lateral  and  discouraging 
the  desire  for  such  among  farmers.  The  company  builds  the  main 
laterals  and  turns  them  over,  for  operation  and  maintenance,  to  the 
communities  owning  the  land  which  they  cover.  These  laterals  are 
very  carefully  aligned  and  constructed,  and  the  conveyance  of  water 
through  them  and  its  distribution  are  perhaps  as  economical  as  they 
could  well  be  under  the  circumstances. 

It  is  expected  that  measuring  flumes  will  be  put  in  at  the  heads  of 
all  main  laterals  between  now  and  next  season.  This  will  not  be  done 
with  the  intention  of  limiting  the  farmer  to  the  amount  of  water  he  is 
actually  entitled  to,  but  because  it  will  have  a  tendency  toward  careful 
application  and  economy  on  his  part,  and  generally  because  it  will  be 
an  aid  in  the  transition  from  the  extravagant  use  of  as  much  as  he  can 
handle  to  the  established  dutv  of  2  acre-feet  >delivered  at  the  head- 
gates  of  the  main  laterals. 

CROP  YIELDS. 

The  following  table,  showing  the  yields  of  crops  under  the  Amity 
Canal,  was  very  carefully  compiled  and  may  be  considered  thoroughly 
reliable.  As  shown  by  this  table  this  season's  crops  were  not  a  success, 
and  the  value  of  the  returns  of  duty  of  water  is  somewhat  lessened  by 
this  fact.     The  yields  were  as  follows: 

Acreage  irrigated  and  crop  yiMs  under  ArnUy  Canal,  1899. 


Crop. 


Fall  wheat . . 
Spring  wheat 

Gate 

Barley 

Com 

Cane,  etc .... 

Alfalfa 

Flax 

Broom  com.. 
Cantaloupea . 

Orchard 

Millet 

Garden 

Total.. 


Total  yield. 


20,896ba8he]8 

6, 269  bushels 
84, 569  bushels 

8, 042  bushels 
12, 110  bushels 

1,886  tons.... 
11,686  tons.... 

2, 282  bushels 

43  tons.... 

12»  667  crates.. 


Yield  per  acre. 


6. 75  bushels. 

6.50  bushels. 
16. 76  bushels. 
U      bushels. 

6      bushels. 

1.50  tons. 

2. 60  tons. 

6      bushels. 

0.25  tons. 
88 
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PREciFrrATioy,  evafobatiok,  and  temperatubs. 

The  following  tables  give  the  precipitation  at  two  pointu  in  the 
ArkannaH  Valley,  on  the  Amity  Canal,  and  the  evaporation  and  tem- 
{M.'niture  each  at  one  station: 

/Vfripitorfiow,  Tximar  Station,  1/999. 


Day. 

May. 

June. 
India. 

July. 

August. 

Sepcemtier. 

1 

Inehtt, 

Jneha, 

Ineket. 

Incke^ 

2 

1                   '■ 

8 

1 

4 

5 

1.17 

L«0 
.60 
.10 

6 

• 

8 

9 

.ai 

0.08 

0.72 

10 



11 

1 

12 

13 

0.09 

2.80 

.10 

.20 

14 

.80 

15 

.10 

16 

.80 

.10 

17 

*'* ** 

18 

.86 

1 

19 

2.27 

20 



21 

............f 

22 

.35 
.80 

23 

.76 

24 



2f> 

.62 

1 

•25 

1 

**      '     . 

28 

}            .46 

30 

.. 

Total 

1             L-JQ 

1.58 

'             6.97 

2.40 

1.22 

There  were  high  winds  at  Lamar  on  May  I,  2,  12,  13,  14,  16,  17, 18, 
20,  24,  25,  and  29,  and  on  September  4,  5,  13,  and  27.  Thunderstorms 
occurred  on  May  18  and  25. 
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J^reripUation  and  evaporation,  Holly  SUUiony  isyu. 


June. 

July. 

August. 

September. 

Day. 

Precipi- 
tation. 

1 

Inches. 

Erapora- 
tion.J 

Inches. 

Precipi- 
tation. 

Erapora- 
tion. 

Inches. 
1.89 

1.67 

• 

1.84 
1.63 

Precipi- 
tation. 

Evapora- 
tion. 

Precipi- 
tation. 

Evapora- 
tion. 

1 

Inches. 

Inches. 

Inches. 
1.98 

1.44 

1.57 

2.04 

Inches. 

Inches. 

2 

0.03 
.15 
.03 

8 

4 

2.  is 
.19 
.12 

1.82 

5 

6 

7 

6. 04* 

8 

.46 

9 

.02 

0.80 

10 

11 

.02 

.88 

12 

.05 

.20 

■ 

18 

2.28 

2.10 
1.08 

14 

.10 

16 

.63 

.03 
.30 

16 1 

17 ' 

.37 

18 

.90 

19 :.: :..i:::::::::. 

.16 

21 

.06 
.80 
.07 
.10 

' 

28 

.15 

..........I 

25 

1.68 

27 

28 

.16 
.08 
.08 

29 

30 

1 

31 

1 

i 

Total 

1.53 

6.46 

2.61 

6.93 

2.95 

7.03 

1.13 

4.73 

1  Evaporation  measuremcnlM  not  begun  until  June  13. 

There  were  high  winds  at  Holly  from  August  15  to  22,  and  some 
heavy  dews  from  September  8  to  15. 

Temperature  at  Lamar y  1899. 


1 

May. 

June. 

July. 

op 

106.0 
66.0 
90.0 
62.0 
76.0 

August. 

106.0 
49.0 
96.7 
62.0 
79.0 

Septem- 
ber. 

Mft*^^lllTn  -- ^. ^, 

Of, 

96.0 
31.0 
81.7 
48.0 
66.0 

106.0 
46.0 
91.0 
57.0 
74.0 

106.0 

Minimum 

88.0 

Mean  majrlnniTn ,. ., , ^ 

88.4 

Mean  mlnlmnTn ,,.... .,..,,  ^r r      t  t 

51.6 

Mean r .......  r^ 

70.0 
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DISC^HAKOE  OF  THK   ARKANSAS  RIYEK  AT   PUEBLO,  COLO. 

CornjHiratirr  taUf  of  dMmrge  of  tiie  Arkatimu  River  ai  Puehlo,  OoiCy  for  ihe  irrigaik 

iteamiu  of  1895,  1896,  1897,  and  1898. 


Month. 


I 


April 

May 

Jam* 

July 

Auguiit ... 
September 


Ktage  of  water. 


Maximum 

Mean 

Minimum 
Maximum 

Mean 

Minimum 
Maximum 

M(»n 

Minimum 
Maximum 

Mean 

Minimum 
Maximum 

Mean 

Minimum 
Maximum 

Mean 

Minimum 


1896. 


CwWr/rrt 

oerweofut 

1,790 

744 

801 

2,490 

1,681 

601 

8,664 

2,162 

1,466 

5.000 

1,900 

1,044 

8,112 

1,276 

668 

K88 

4»4 

383 


1896. 


I  CMefea 

perwamd. 

1,172 

470 

27e 

2,888 

1,097 

472 

2.096 


1 


\7YOMING. 


DXTTT  OF  WATEB  IN  WYOMIHO. 

By  C.  T.  Johnston. 
Asgistani  in  Irrigation  InvesligaHons. 

The  investigation  of  the  duty  of  water  in  Wyoming  for  the  season 
of  1899  was  limited  to  the  lands  of  the  Wyoming  Development  Com- 
pany, at  Wheatland/  The  irrigable  land  under  this  system  has  a  total 
area  of  60,000  acres,  and  is  located  90  miles  north  of  the  southern 
boundary  of  Wyoming  and  35  west  of  the  eastern  boundary  of  that 
State.  It  is  east  of  the  Laramie  Mountains,  and  has  a  mean  elevation 
of  4,800  feet.  The  soil  is  a  sandy  loam  and  quite  uniform.  Water  is 
obtained  from  the  Laramie  River,  and  the  supply  is  made  secure  by  a 
complete  reservoir  system  under  construction  having  a  total  capacity 
of  90,000  acre-feet.  Irrigation  seldom  begins  before  June  20,  and  the 
greatest  demand  for  water  is  felt  between  that  date  and  July  15. 
Unfortunately,  the  flood  discharge  of  the  Laramie  River  takes  place 
between  May  15  and  June  10,  while  the  transition  from  high  water 
to  low  water  is  often  rapid,  taking  place  at  times  in  a  week  or  ten 
days;  hence  the  necessity  for  storage.  The  distributing  system  is 
shown  on  the  accompanying  map  (PI.  XLIII). 

In  the  investigation  for  the  season  of  1899,  a  continuous  record  was 
kept  of  the  depth  of  the  water  flowing  in  Canal  No.  2  by  means  of  a 
Wyoming  nilometer.  The  use  of  a  weir  being  impossible,  a  flume  at 
the  sand  gate,  a  short  distance  below  the  headgate,  was  rated,  and  the 
register  installed  at  this  place.  Canal  No.  2  is  supplied  during  low 
water  by  a  ditch  which  carries  water  from  Reservoir  No.  2.  This  ditch 
joins  the  canal  just  above  the  sand  gate,  hence  all  the  water  used  passed 
through  that  structure. 

The  duty  of  water  as  determined  by  these  measurements  is  about 
half  what  would  have  been  obtained  if  the  water  wasted  through 
laterals  and  at  the  end  of  the  canal  could  be  taken  into  account,  and  if 
the  loss  due  to  evaporation  and  seepage  could  be  eliminated.     The 

*  For  a  fuller  discussion  of  the  use  of  water  in  irrigation  in  Wyoming,  see  U.  S.  Dept 
Agr.,  Office  of  Experiment  Stations  Bui.  81. 
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followinjf  table  givos  the  disi'har^  of  Canal  No.  2  durinijf  the  time  that 
irriffation  wa^  neccHsarv: 

Flow  of  Cana!  No. ;?,  Wijomintj  Derehpmenf  (\>mjwny^  Wheatland,  H^o.,  neamn  of  1899. 

[Sifo  diaimiin.  IM.  XXII.  p.  7k.] 


nay. 

Juno. 

Arrr-frri. 

_    

July. 

Acrr-fert. 
3:U.06 

3:n.06 

826.70 
831.06 
831.06 
331.06 
331.06 
831.06 
:{31.06 
831.06 

:i3i.oi-> 

831.06 
331.06 
831.06 
831.06 
280.66 
287.69 

1 
1 

AUfPlxt. 

Acrr-ftft.  ' 
848.01 
851.28 
848.01 
825.51 
244.76 
265.40 
885.49 
885.49 



Day. 

! 

1 

18 

June. 

ACfCyCft, 

210.67 
210.67 
210.67 
210.67 
214.68 
246.71 
266.19 
280.16 
264.18 
258.19 
826.70 
881.06 
826.70 

Jul7. 

Angost. 

1 

Acre-feet. 

264.18 
236.01 
210.07 
210.07 
210.07 
210.67 
210.07 
289.56 
266.83 
851.28 
857. 91 
857.91 
851.28 

jLCpeyeei-. 

2 '        

19 

Q                                           1 

20 

— 

21 

5 

22 

6 

\z\ 

7 

24 

8 

Vi 

9 ' 

26 

10 

27 

11 

28 

12 

210.67 
210.67 
210.67 
210.67 
210.67 
210.67 



29 

13 

...>.••..•*. 

30 

31 

14 

Ifi 

Total ... 

16 

4,5iB.06 

9,295.34 

2,6ia.96 

17 

1 

1 

Aforiihlif  prtripHation  at  WhenilamJ^  Wyo.,  1899. 

Inches. 

June 2. 63 

July 1.28 

August 49 


4.40 


The  facts  ol)tainc(l  are  shown  as  follows  in  tabular  form: 


IhUy  of  intter  unthr  Canal  So.  -2,  1899. 

Area  irrifratoil arr(»8. 

Water  uhcmI acre-feet. 

Depth  of  irrigation feet , 

Rainfall  fur  June,  July,  and  Aujrtist do. . 

Total  depth  of  water  rtHvivnl do. . 

Table  shomug  arreagc  mid  i/iddn  of  rnvh  tTop. 


6. 502. 00 
16,432.35 

2753 
.37 

2.90 


("Jrop. 


Wheat . . 

OtiU 

C^m 

Potatoofl 
Hay 


ArrcR. 


2,  '>ir2 

l.:ttw 

wo 

1,662 


Ti»tal  yield. 


Yield  per  acre. 


49. 000  hllRholft. 
.M.-'ifM)  btiMhelf. 
2(1,  (100  iMishelH. 
'Jl,'>(N>liiiflheK 
6.97"itons. 


21.4biiahe]H. 
41.1  bunheK 
25  biiBh«l«i. 
70  bUKheli*. 
4. 2  tonji. 


A  second  investigation  was  carried  on  to  dotennine  the  qimntity  of 
water  needed  for  dilT(»r(Mit  crops.  Only  corn  and  oats  were  grown  on 
the  area  included  in  this  work. 

During  the  iiist  week  of  Jun<».  IStM),  two  weirs  were  constructed  to 
measure  the  water  used  on  a  farm  a  few  miles  west  of  the  town  of 
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WheatlaDd.  As  the  two  crops  were  irrigated  at  different  times,  one 
register  served  for  both,  being  shifted  from  one  weir  to  the  other  as 
water  was  used.  The  oats  had  an  area  of  15  acres,  and  the  "ground  on 
which  they  were  grown  was  not  broken  until  the  spring  of  that  year. 
The  field  of  corn  had  an  area  of  20  acres.  Both  of  these  crops  were 
carefully  irrigated,  only  the  water  needed  being  used. 

The  following  tables  show  the  quantity  of  water  used  and  the  dates 
when  irrigation  took  place: 

Table  showing  volume  of  uxUer  used  in  irrigation  of  oats. 

[See  diagram,  fig.  12.  p.  79.] 

Acre-feet. 

July  14 3.38 

July  15 2.66 

July  19 2.93 

July  20 2.89 

July  21 1.44 


Acre-feet. 

June  13 0.94 

June  14 2. 70 

June  15 2. 13 

June  16 2. 48 

June  17 42 


8.67 


July  13 1.40 


14.60 


Total 23.27 


Table  showing  the  volume  of  water  used  in  irrigation  of  conu 

[See  diagram,  fig.  13.  p.  80.] 


Acre-feet. 

July  24 2.14 

July  25 2.46 

July  26 2.73 

July  27 3.12 


Acre-feet. 
July  28 2.30 

July  29 1.26 


Total 14.01 


From  these  two  tables  the  duty  of  water  for  each  crop  has  been 
computed. 

Duty  of  uxiier  on  oats  and  ctmi  at  WhexitUinfl^  Wyo.y  1899. 


Area  irrigated acre«.. 

Water  used acre-feet.. 

Depth  of  irrigation feet. . 

Rainfall  for  June,  July,  and  August foot. . 

Total  depth  of  water  received feet. . 


Com. 


20 
14.01 


1.55 
.37 


.70 
.37 


1.92 


1.07 


It  will  be  noticed  that  the  general  duty  of  water  under  the  canal  is 
much  less  than  that  under  the  lateral.  The  difference  is  almost  entirely 
due  to  the  loss  of  water  from  the  canal  through  seepage  and  evaporation. 

The  total  length  of  the  canal  is  22  miles  and  the  mean  length  between 
the  point  where  the  measurements  are  kept  and  the  extreme  eastern 
tract  irrigated  is  about  10  miles.  The  loss  of  water  due  to  seepage  in 
the  tirst  2  miles  of  the  canal  below  the  sand  gates  is  excessive.     The 
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<'unal  f(>ll(»ws  11  stiM'p  sidrhill  for  that  clistHiH*c  and  the  material  form- 
ing its  cliarinrl  is  |M)n)iis.  Thr  U)ss  duo  to  )K)th  Hoepage  and  evi^>ora- 
tioii  <l(H*ivuM*s  us  tli<>  (>aiml  is  followed  oHNtwardly  after  leaving  thin 
sidehill.  The  soil  not  only  Imvooh's  more  imperviouH  to  water,  but 
the  section  of  tlie  ranal  is  reduced  an  latcraln  dei^reaae  its  discharge. 

Th(*  total  vahie  of  the  crops  grown  under  Canal  No.  2  in  1899  wi8 
)H2f),r)(M).  Tliis  value  wa«  produced  by  the  application  of  16^432.35 
acre-fe(»t  of  water:  hence  the  return  from  the  use  of  each  acre-foot 
as  m<Misur(*(l  at  the  head^tes  of  the  canal  wan  $7. OIK 

Th<»  r(»turn  from  an  acre-foot  of  water  varies  with  the  crops  grown. 
As  an  illustnition  of  this,  (*orn  rais<*d  under  the  •!  lateral  yielded  25 
bushels  \)or  acre  and  sold  for  80  cent**  i)er  Imshel,  making  a  return  of 
$7.r)0  |>er  acre.  To  produce  this  o.7  of  an  acre-foot  of  water  was  used 
on  i^ich  acre  of  land,  or  the  return  for  cnich  acre-foot  of  water  used 
ji  was9i^lo.7i. 

The  return  for  the  oats  was  #18.15  jK»r  acre;  1.55  a<*re-f€*et  of  water 
1  was  used  in  it^  irri^tion,  niakinf;^  <(  W^turn  from  each  acre-foot  of 

i  wat(*r  us<hI  of  5i^.4<».     If  a  conijmrison  wen'  made  with  potatoes  the 

I-  differ(»nce  would  be  nuich  more  striking.     From  this  cn)p  a  return  of 

I  IJW35  an  acre  was  receivcnl.     As  but  little  more  water  was  u.sod  in  ittf 

'1  cultivation  than  was  used  on  the  corn,  the  return  for  eat^h  acre-foot  of 

water  used  was  approximately  ^oO. 


[\    -■ 


MONTANA. 


DXTTT  OF  WATEE  IK  THE  GALLATIN  VALLET. 

Hamuel  Fortier,  C.  K., 
l^rofessvT  of  Irrigation  EngineeriiKj^  Montana  Agricultural  College, 

INTB0DT7CTI0N. 

In  outlining  a  plan  for  the  carrying  on  of  investigations  to  deter- 
mine the  average  (juantity  of  water  used  on  the  irrigated  farms  of 
Montana,  it  was  deemed  l)est  to  begin  the  work  in  the  Grallatin  Valley. 

This  valley  is  justly  termed  the  granary  of  the  State,  since  it  pro- 
duces annually  more  than  one-fourth  of  the  cereals  and  contains  within 
its  boundaries  more  than  one-eighth  of  the  total  irrigated  area  of 
Montana.  The  valley  is  28  miles  long  and  about  14  miles  wide.  It 
is  traversed  in  a  northwesterly  direction  by  the  Northern   Pacific 

ft  V 

Railroad,  and  the  elevations  of  the  track  at  the  towns  of  Bozeman, 
Manhattan,  and  Gallatin  are  4,754  feet,  4,292  feet,  and  4,032  feet, 
respectively. 

To  the  south  of  the  valley  are  to  be  found  the  sharp-pointed,  snow- 
covered  peaks  of  the  Gallatin  Mountains:  on  the  east  the  steep  incline 
lying  between  the  East  Gallatin  River  and  the  foot  of  the  Bridger 
Range  is  thickly  dotted  with  dry  fanns,  which  produce  average  yields 
of  wheat  without  irrigation;  alow  range  separates  it  from  the  Mis- 
souri Valley  on  the  northwest  and  a  plateau  forms  the  divide  between 
it  and  the  Madison  Valley  on  the  west. 

The  area  that  may  be  ])rought  under  ditch  in  the  Gallatin  Valley  is 
about  150,000  acres,  and  deducting  25  per  cent  for  waste  lands  and 
tracts  that  are  not  susceptible  of  irrigation,  there  remains  112,500 
acres  of  arable  and  irrigable  land.  A  trifle  less  than  one-half  of  this 
area  is  now  irrigated. 

The  water  supply  for  this  entire  ti'act  of  exceedingly  fertile  farming 
land  may  be  obtained  from  the  following  sources  in  the  quantities 
stated,  which  indicate  approximately  the  average  flow  for  June  and 
July  of  each  year,  as  determined  by  the  engineers  of  the  United 
States  Geological  Survey: 

Cubic  feet 
{>er  second. 

West  Gallatin  River 1, 000 

Middle  Creek 150 

CottonwcMKl  Creek 60 

( )ther  streams 250 

Total 1, 460 
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Siiico  little  irrljTJitinjf  water  is  used  after  August  1,  each  cubic  foot 
per  stH-ond  is  ample  for  ^fO  acres  of  land.  One  thousand  four  hundred 
and  sixty  cubic  feet  per  second  would  thus  irrigate  116,800  acres,  or 
all  of  the  good  land  in  the  valley. 

EVAPORATION  AKD  PRBOIFITATIOir. 

It  was  late  in  »Iune  In^fore  a  decision  was  reached  to  ascertain  the 
amount  of  cvaix)ration  during  the  cro{vgrowing  season,  and  there  was 
then  no  time  to  pr(x*ure  a  {x^rmanent  steel  tank.  In  the  way  of  a  sub- 
stitute«  a  wiKxIen  box  was  made  and  lined  with  zinc.  This  box  was 
made  in  the  form  of  a  cube,  and  contained  when  full  a  cubic  yard  of 
water.  It  was  set  in  a  gmss  plat  at  a  considerable  distance  from  any 
buildings,  with  its  top  edge  but  slightly  raised  above  the  surface  of 
the  ground,  and  tilled  to  within  2  inches  of  the  top  with  water.  A 
woven-wire  fence  12  by  12  feet  and  :5  feet  high,  supported  by  light 
pine  posts  and  i)Jiinted  gr<»en.  inclosed  the  tank. 

The  nite  of  evajx)nition  was  determined  by  taking  measurements 
from  a  gage  on  the  top  of  the  tank  to  the  water  surface.  As  the  water 
in  th<^  t4ink  was  evaporat4»d,  mon»  was  added.  The  following  table 
shows  the  results  of  these  measurements: 

Km/M/railon  at  linzt'tnan,  Mont.,  Juhi  r,  tn  St'picmlMr  .iO,  189V. 


Tomiiora- 

Unk.fi     ,^7SSS^ 
Jnc-hen  be-  '     ^^^ 
low  Nurfaoe. 


Julyritoni.lWQ I  70 

AuKU«t,  IWU I  68 

HepU'inlHT,  IKIW M 


Incht*. 
5.48 
8.70 
6.7& 


The  following  tabl<»  shows  the  precipitation  at  the  Montana  Experi- 
ment Station  for  the  calendar  vear  IslM): 

I^cnjnitUion  on  the  Montana  hlxperinn'nt  Station  farm,  liozi-rmw ,  for  1899.     (IH^f.  R.  S, 

Shav\  ohiftTter. ) 

liu'hfs.  IncheH. 

January '0.78     August 0.80 

Fcbnmry •:M4  '  S^pteinUT 56 

March/. \.m     Ortolwr 1.12 

April 5S     NuveiiilK*r 61 

May 1.S2     DtHremUT 74 

June 2.04  ^^^  

July :M  Total U.46 


'  Approximate  ixiuivalent  of  water  from  «iiow  fall. 
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EXPERIMENTS   ON  THE  DUTY  OF  WATER  IN  1899. 
EXFERIMEKT   SO.   1, 

"  In  the  southwest  corner  of  the  Montana  Experiment  Station  farm 
bere  is  a  field  of  red  clover  containing  nearly  31  acres.     Ahoiit  half 


Fia.in.— MugiNho 


of  this  held  was  seeded  to  clover  in  theapringof  1897and  the  remainder 
was  seeded  to  Iwrley  and  clover  in  the  i«pring  of  1898,     Two  crops 
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were  obUiined  during  t\w  ]Hu$t  m*a8()iK  but  owing  to  the  late  spring  the 
socotid  cuttiiitr  was  li^ht.     Tho  total  yiold  of  curtnl  hay  was  about  90 
Un\s^  or  :{ tons  pt^*  arn\  and  t\ui  prices  ix)r  ton  for  clover  hay  delivered 
in  Bozrnian.  one  and  one -half  niilos  distant,  have  varied  from  $6  to  $8. 

Two  supply  dit4*Iies  enter  the  field  at  the  southwest  and  southeast 
corners,  res|M'rtively.  In  June  last  a  trapezoidal  weir  was  plai^  in 
eu<'h  supply  <lit(*li.  and  by  means  of  automatic  ivgistc^rinf;^  machines 
th<'  depths  of  wat<'r  over  the  weirs  during  the  time  of  irrigation  were 
re<-or(i«»(i.  Tin*  field  >lopes  toward  the  north  at  the  rate  of  nearly  80 
feet  to  the  mile,  and  also  to  a  lesser  degree  toward  a  central  ravine 
which  tniv<'rses  the  field  from  south  to  north.  With  the  exception  of 
the  arm  ocrupied  by  tin*  ravine,  which  is  formed  of  cobblestone  over- 
laid with  a  shallow  soil,  the  iield  is  of  average  fertility.  The  best  por- 
tions consist  of  «)  incln^s  vegetable  loam.  20  in<*hesclay  loanu  40  inches 
<»lay  marl,  and  an  miknown  depth  of  gravi»l  and  cobblestone.  The  tield 
laterals  were  made  in  1H1»7  and  1M»S  and  wen'  sjMiccd  from  OU  to  90 
feet  apart,  but  avenig<»d  so  feet.  The  accompanying  diagram  (fig. 
15)  shows  the  armngement  of  tield  laterals. 

In  applying  the  water  there  was  pnicti<*ally  none  waste<l,  and  at  each 
irrigation  the  main  object  sought  was  to  wet  the  soil  uniformly  to  a 
depth  of  1  foot. 

The  following  talile  contains  the  data  ]M»rtaining  to  this  experiment: 

ihiti/  of  inttfi'  mi  rhfii  i\  (iM  slunrii  hjt  t  i fH'riiitt'nt  \o.  /. 


KiM  SocomI 

irhKiition.       Irriffrtlion. 


I>at(>  of  irrigation JuiU'17-2"J     .Iu]y2(>-AUR.2 


Total. 


iMinitioii  of  irriK'ilioii hour*..: 

An'ii  irriK>ttc4l m'n'«..i 

Wiilrr  \\*hh\ acrr-fiTt . . 


104 
27.41 
i:{.:t.s 


115 
•27.44 
H..S7 


27  44 
27. « 


AvrniK*'  «l«'|'tli  «»f  \VHliTHi»pli<Ml U-vl.. 

KHliifiiU  iliiriiiK  jfrowtlj <!<»... : 


19  I 


.&i 


Totiil  ih'jitli  i»f  watrr  riM'rivi'il  during  prowih «lo., 

NiiinluT  of  irriKHtoix 

AvoniK**  hra«l  of  waU-r  iimnI rul»ic  fi-ri  jht  wcoml 

Avoragr  rlii«taiin>  bvtwccii  fit-hl  latcralM fvv\ 


•I 


•> 
1.53 


1.02 
.44 


1.46 
"*«6 


The  table  sliows  that  a  trifle  less  tlian  it  inches  of  water,  if  applied 
uniformly  over  the  tield.  was  used  during  the  tirst  watering,  and  a 
trifle  more  than  this  (|uantity  was  used  during  the  s(»cond  wat*»ring — 
that  is  to  say.  the  depth  of  water  used  during  the  s<'ason  was  alnnit  1 
foot,  there  being  27.44  acres  of  land  included  in  the  ex]x;riment  and 
•27.8r)  acre-ft'ct  of  wat^'r  applie<l.  In  addition  to  this,  this  crop  received 
during  its  growth  5.28  inch<»s  of  rainfall. 

The  av<»rag<*  flow  used  by  the  irrigators  was  l..*i4  cubic  f(»et  |>er 
s<»cond,  or  ♦>l.r»  Montana  statutorv  inclu^s,  a  somewhat  smaller  <iuantitv 
than  is  usually  preferred  in  this  s<M*tion  of  the  State. 
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EXPERIMENT  NO.  2. 

The  second  experiment  on  the  duty  of  water  was  conducted  on  a  field 
of  peas  of  the  Mummy  variety,  4.23  acTes  in  extent,  located  near  the 
southwest  corner  of  the  experiment  station  farm. 

This  field  has  been  cropped  continuously  since  1893.  It  produced 
potatoes  in  1894,  barley  in  1895,  oats  in  1896,  peas  in  1897,  barley  in 
1898,  and  peas  in  1899.  The  yield  for  the  past  season  was  132.25 
bushels  on  4.23  acres,  or  31.25  bushels  per  acre.  The  price  at  the 
experiment  station  granary  has  remained  stationary  since  the  harvest 
time  at  $1  per  bushel. 

The  peas  were  sowed  May  8,  irrigated  for  the  first  time  June  28, 
when  the  ciop  was  about  9  inches  high,  irrigated  a  second  time  July 
11  and  12,  and  harvested  September  7. 

The  soil  is  somewhat  richer  than  that  described  in  experiment  No.  1. 
There  is  more  vegetable  mold  in  the  top  layer  and  the  depth  to  the 
porous  stratum  of  gravel  and  cobblestone  Ls  fully  6  feet. 

The  field  was  irrigated  in  the  usual  manner  with  but  a  small  per- 
centage of  waste.  The  following  table  shows  the  results  of  this  experi- 
ment: 

Duty  of  water  on  peaSy  cw  shumt  by  experiment  No.  2. 


Date  of  irriffation 

Duration  of  irri^nition hours. 

Area  irrigated acres. 

Water  used acre-feet. 


First  irri- 
gation. 

June  28 

22 

4.28 

2.93 


Average  depth  of  water  applied. 
Rainfall,  May  8  to  September  7  . 


.feet, 
.do.. 


Total  depth  of  water  received  during  growth do. . 

Number  of  irrigators 

Average  head  of  water  used cubic  feet  per  second. 

Average  distance  between  field  laterals feet. 


69 


1 
1.61 


Second  Irri- 
gation. 


July  11-12 

22 

4.23 

1.75 


.41 


1 
.95 


Total. 


4.28 
4.68 


1.10 
.41 


1.51 


60 


EXPERIMENT   NO.  3. 

The  quantity  of  water  used  on  a  grain  field  of  11.27  acres,  located 
on  the  experiment  farm  west  of  the  pea  field,  was  also  determined. 

In  this  field  there  were  5.25  acres  of  barley  and  6.02  acres  of  wheat; 
but  since  it  was  impossible  to  irrigate  them  at  different  times,  the 
entire  field  was  included  in  the  experiment.  The  field  slopes  to  the 
north  at  the  rate  of  alx^ut  90  feet  to  the  mile,  and  also  to  the  east  in  a 
like  degree.  The  steep  inclines,  coupled  with  the  fact  that  the  irri- 
gators allowed  a  diminished  flow  to  run  all  night  without  attention, 
caused  considerable  waste.  The  table  shows  that  nearly  2  feet  of 
water  was  run  over  this  tract  in  the  two  irrigations,  but  it  is  safe  to 
assert  that  if  the  water  had  been  applied  during  the  hours  of  daylight 
and  carefully  attended  to  a  much  smaller  quantity  would  have  sufficed. 

3808— No.  m 1() 
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Th«*  wu<to  of  wat<T  had  no  apparent  effwt  on  the  yield,  which  was 
for  th«*  wlii-at  >li<rljtly  aUjvi*  the  average.  lN*ing  348^  bushels  on  *>J>S 
arres.  i»r  r»7.>i»  J»u*»hel>  jx-r  ai:-re.  The  barley  averaged  45  bushels  per 
a4*re. 

The  siiil  and  Mibsoil  of  this  grain  field  are  similar  to  that  described 
in  exiH'rinient  No.  *J.  It  was  s(*ed«Hl  to  oats  in  1893.  peas  in  18m.  and 
to  Jnirli'V  in  \s\Kk  It  was  in  clover  for  three  vears  from  1896  to  1898, 
ineliisive. 

In  n»giird  to  hi>t  year's  crops,  the  Ijarley  was  sowed  ^lay  9,  irri- 
gat(*(l  .hiiie  :>r>.  when  it  was  a)>out  •>  inches  high,  and  again  July  13.  and 
harvested  SeptemlnT  \:i  and  LS. 

The  wheat  was  sowed  May  s.  irrigated  at  the  same  time  as  the  bar- 
ley, and  harvested  S^ptendM^r  28. 

Tlie  pric<'  of  Imrley  in  I^>Z(*nian.  Mont.,  during  the  pa.<t  autumn  has 
varied  from  '.<o  to  t)5  cents  ]x*r  Inishtd.  and  wlieat  has  averaged  about 
75  cents  \)pr  bushel. 

The  following  table  givi»s  the  result  of  exix^riment  No.  3: 

/>»i///  of  vilUr  on  (jfniu^  /w  *h*nrii  hif  i:rfU'rhii**nt  \o,  .i. 


FiM  Irri-  Svi-ond  irri-   xotaL 


I)at#*  of  irriicHtion Junc23-27  July  12-14    

DiirHtioiioi  irriKtition hours..                96  hS   

Arcii  irriKHtttl mn-^..            ll.*27  11.27  11.27 

Wat«TiiM-«J Brn-'-fi-*!..            U.'M  ".»»  22.30 


Avi'ntfcc  (l(>pth  of  \i-Htt'rHjipli<>«l f*-*-!..  1.27  .71  l.SK 

KHinliill.Muy  s  toSfptciiitNT  I'^ ilo ■         .42 

Tiitiil  «lri»!h  of  wiitrr  n-^M-iv***!  during  Rrowlh do [        2.40 

NiimlMTof  IrriKHlop* •£  2    

AvcrHK<*  iK'tid  of  uutrr  iiM'<l nil»lr  f«Tt  jht  m.m-oiu!..  l.Hl  1.72  ; 

AvtTHKi*  «llHtttiU'f  Iwlwiri'ii  iivh\  lH(fnil.«> ftM*t I  00 


KXPKKIMKNT   NO.  4. 

The  cjimntity  of  water  applied  to  a  hirge  tield  of  barley  bolongfing 
to  the  Hon.  James  K.  Martin,  and  situated  in  the  southea.stem  part  of 
(iailatin  Valley,  was  ascertained  }»y  means  of  aniting  ilunieand  record- 
ing register.  A  w«»ir  would  have  Ijcen  preferred,  hut  the  requi.site  fall 
<'ould  not  he  obtained.  Th«»  field  was  not  watered  until  quite  late,  and 
then  (mly  one  irrigation  was  given. 

The  gr<»atest  slope  of  the  tield  was  alK)ut  so  feet  to  the  mile,  or  3 
inches  to  the  hmI,  and  th<»  tield  latends  were  parallel  and  ran  diagonally 
through  the  field  on  a  gi*ad<»  of  alK)ut  l.r>  inches  to  the  rod.  The  dis- 
t4ince  hetwt'en  the  lat(*rals  varied  from  '>(')  to  M  feet  and  averaged  6l> 
feet.  The  soil  consists  of  a  clay  loam,  with  a  i>orous  stmtum  of  gravel 
wash  beneath. 

The  harh»v  field,  after  being  summer  fallowed  in  1HI>7.  was  seeded 
to  barley  and  oats  in  the  following  year,  and  produced  at  the  rate  of 
73  bushels  jwr  acre  of  barley  and  50  bushels  of  oat«. 
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The  following  table  shows  the  quantity  of  water  used  on  this  field: 

IhUy  of  water  on  barley ^  a*  shown  by  experiment  No.  4' 

Date  of  irrJ|ation July  5-13 

Duration  of  irrigation hours. .  196 

Area  irrigated acres. .  66. 39 

Water  used acre-feet. .  65. 37 

Average  depth  of  water  applie<i feet. .  .  98 

Rainfall  during  period  of  growth do. . .  .41 

Total  depth  of  water  receive*!  during  growth do. . .  1. 39 

Number  of  irrigators 2 

Average  head  of  water  used., cubic  feet  per  second. .  4. 04 

Average  distance  between  laterals feet. .  69 

EXPERIMENT  NO.   5. 

The  quantity  of  water  used  on  a  field  of  oats  23.41  acres  in  extent, 
situated  below  the  barley  field  described  in  experiment  No.  4,  and  like- 
wise owned  by  Mr.  Martin,  was  determined.  In  this  case  considerable 
water  was  wasted.  The  topography  of  the  field  was  irregular,  and  it 
was  diflScult  to  irrigate.  In  addition  to  this  a  slough  extended  along 
the  west  and  north  sides  into  which  a  large  percentage  of  the  water 
applied  found  its  way.  Under  favorable  conditions  and  having  as  even 
a  surface  this  field  should  have  required  less  water  in  proportion  to 
its  area  than  that  used  in  experiment  No.  4. 

The  yield  was  1,200  bushels  of  oat«,  or  51  bushels  per  acre. 

The  following  table  gives  the  data  of  this  experiment: 

Duty  of  miter  on  oatu^  as  shown  by  eTperiment  Xo.  5. 

Date  of  irrigation July  13-18 

Duration  of  irrigation hours..  122 

Area  irrigated acres. .  23. 41 

Water  used acre-feet. .  35. 73 

Average  depth  of  water  applied feet. .  1. 53 

Rainfall  during  period  of  growth do. . .  .38 

Total  depth  of  water  rec*eiveil  during  growth . .  .do. . .  1. 91 

Number  of  irrigators 2 

Average  head  of  water  U8e<l cubic^  ftvt  per  second . .  3. 54 

Average  distance  l)etween  field  laterals feet. .  85 

EXPERIMENT   NO.    6. 

Experiment  No.  6  was  made  on  a  field  of  oats  situated  on  the  south 
side  of  the  experiment  station  farm  containing  7.26  acres.  This  field 
has  been  cropped  continuously  since  the  establishment  of  the  experi- 
ment farm.  Barley  was  raised  on  this  field  in  1S94,  potatoes  and  peas 
in  ISDo,  ])arley  in  18J)6,  peas  and  grain  in  small  plats  in  1897,  and 
barley  and  other  grains  in  small  plats  in  1898. 
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Tho  oat  (Top  of  tho  pant  Bummer  was  deeded  May  19,  irrigated  July 
0  and  7,  irri^at^^d  apiiii  July  22  to  24,  and  i*eaped  September  18. 

Tho.  avemgc  yield  of  all  the  oatH  raised  last  season  on  the  experi- 
ment farm  was  72. 75  bushels  per  a(.*re,  and  the  price  has  increased  from 
95  cents  at  threshing  time  to  $1.15  per  hundred  pounds  in  February. 

Ihihj  of  UHtitT  on  wUh,  tu  nhoum  try  exfterimrnt  No,  6. 


FIrNt  Second 

In1ic«ti<iii. '  Irrigation. 


imto  of  irriffut  1(111 :  July  (f-7 

Durntioii  «>f  irriKHtlon hoiini..,  34 

AiX'ii  IrrlifHtiMl arniM. .  7. 2B 

Wati'r  iikmI Hon.-fti*t . . I  2. 68 

Aver«|f«'  Mrplh  <»f  watrr  iip|>ii<><l feet.. 

Rainfall  fn»ni  May  lU  tn  .S-pti'inlHT  IM do. 

Total  <U'i»th  of  WHlor  n*<'i'iv«*il  iliiriiiK  Kn)Wth do. 

NumlMT  oi  IrriKHton* 

AvoraK^'  head  of  wator  uwkI ciiWc  fii't  ik.t  MK'oiid . . 

AvcraKC  distance  Ix'twirn  field  latoralH fevt . . 


Jnly  22-24 

48.25 

7.2S 

7.11 


ToUl. 


7.  as 

9.74 
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EXPERIMENT  NO.    i. 

This  (experiment  was  tried  on  a  small  tield  of  oats  on  the  station 
farm.  It  was  s(H»ded  May  21^  and  cut  S<*ptem])er  18,  thus  taking  119 
days  to  mature.     The  yield  was  at  the  rate  of  72.75  bushels  jxjr  acre. 

In  irrigatinjr  it  was  found  impmcticable  to  prevent  part  of  the  water 
from  flowinjr  <>i^  adjacent  tidds.  llcnce  the  flow  over  the  weir  did  not 
accurately  represent  the  <|uantity  actually  ap])lied  to  the  land  at  the 
tirst  irriji^ition.  At  the  s(»cond  wat«»rinjj  more  accurate  results  were 
obtained.  The  following  table  shows  the  <|uantity  of  water  passin^i^ 
over  the  weir: 

Ihity  of  vatcr  on  (hUm,  oh  »hoint  hij  exjHrimvut  So,  7, 


Klmt      !    Svctind       «^., 
IrriKatlon.    Irrigation.     *<«*»• 


Date  of  Irrigation J  iily  7-^ 

Dtimtion  of  IrrlKatitm iMMirn. . ;  a).  25 

Area  irriK»t«Hl a<Tiv. . .  2. 4« 

Water  UMetl aerefeet . .  ».  70 


July  25 

2.48 
1.66 


Average  depth  of  water  applk^I fe<*t . . 

Rainfall  fnnn  May  '£\  U»  S«'ptem!>4T  IK do. . . 


1.49 


.67 


Total  depth  of  water  rweivo*!  during  Kr«>^  th d»i. . . 

Nnmlwr  of  irrigators 

Average  head  of  water  iwod euhie  feet  jkt  M'cond . . 


1 
1.92 


1 
2.01 


I 


2.48 
5.36 


2.16 
.36 


2.52 


EXrKKlMEXT    X<>.  S. 

This  test  was  made  on  a  tield  of  oats  containinjr  a  trifle  over  25  a(Te.s, 
owned  bv  Mr.  J.  L.  Patterson,  countv  commissioner  of  Gallatin  Countv. 

The  water  wits  measured  ov(»r  two  trapezoidal  weirs  placed  side  In- 
side at  the  same  elevation,  the  depth  of  wat^T  over  the  crest  of  ea<.*h 
beinjr  recorded  }>y  one  (iurley  rejfister. 
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This  field  received  a  thorough  watering,  and  if  part  was  wasted  it 
mu8t  have  been  due  to  percolation  through  the  soil,  which  is  shallow 
in  places,  and  not  to  run  off  from  the  field.  The  results  of  this  exper- 
iment are  shown  in  the  following  table: 

Duty  of  vxiter  on  oats,  as  shotmi  by  experiment  No.  8, 

Date  of  irrigation July  20-26 

Duration  of  irrigation hours. .  123. 5 

Area  irrigated acreH. .  25. 09 

Water  used .acre-feet. .  32. 00 

Average  depth  of  water  applied feet. .  1. 28 

Rainfall  during  period  of  growth do. . .  .44 

Total  depth  of  water  received  during  growth . .  .do. . .  1. 72 

Number  of  irrigators 1 

Average  head  of  water  used cubic  feet  per  second. .  3. 13 

Average  distance  between  field  laterals feet. .  85 

<^ONCIX'8IONS. 

(1)  The  average  of  the  eight  experiments  shows  approximately  1.2 
acre-feet  of  water  used  for  each  acre  irrigated. 

(2)  Irrigating  with  insufficient  help  is  wasteful  of  water. 

(8)  Much  more  water  is  required  when  the  irrigating  streams  are 
allowed  to  run  all  night  without  attention. 

(4)  Irrigating  late  in  the  season  retards  the  ripening  of  grain,  and 
on  account  of  the  prevalence  of  early  frosts  it  is  not  advisable  to  apply 
water  on  grain  lands  after  August  1. 

(5)  Little  water  is  used  before  June  15  in  this  loc*ality.  The 
so-called  irrigation  period  is  therefore  only  45  days. 

DT7TT  OF  WATER  FLOWING  IN  MIDDLE  CREEK  CANAL. 

In  ascertaining  the  duty  of  water  for  a  field  of  known  area,  when  the 
flow  is  measured  as  it  enters  the  highest  corner  of  the  field,  all  losses 
due  to  conveyance  are  excluded.  In  the  eight  experiments  previously 
described  the  loss  of  water  due  to  seepage  and  percolation  from  the 
bottom  and  sides  of  the  main  canal  and  supply  ditches  and  from  evap-* 
oration  was  not  considered.  The  quantity  of  water  which  flowed  onto 
the  field  selected  for  an  experiment,  together  with  the  incidental  losses 
due  to  the  character  of  the  soil  and  the  lack  of  skill  or  negligence  on 
the  part  of  the  irrigator,  was  taken  to  compute  the  duty  in  that 
particular  case. 

We  have  now  to  consider  the  duty  of  water  under  entirely  different 
conditions.  It  nmst  now  ])e  debited  with  all  the  losses  and  waste 
which  occur  from  the  time  the  water  leaves  its  natural  source  until  it 
forms  part  of  the  mechanical  constituents  of  the  irrigated  farms.  A 
momentary  refle<;tion  will  convince  the  observer  that  a  muc^h  larger 
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t'ainil  follows  a  .st«M*|)  sidohill  for  that  distuiu-o  and  the  material  foni 
iiig  its  ('iiHiincI  i<  |N>rous.     The  loHfs  duo  U>  >N>th  Heepaf^  and  evapor 
i  tion  d<*<'rras<*s  us  tiio  ninul  is  followed  eantwardly  after  leaving  th 

ft  sidohill.     Tho  soil  not  only  lNH*onios  nion*  impervious  to  water,  bi 

4  tho  scH'tion  of  tho  <*unal  is  rodui*ed  as  lateraln  decrease  its  discharge. 

Tho  total  valuo  of  tho  orops  grown  under  Canal  No.  2  in  1899  wi 
sM20.5<N).  This  viiluo  was  produi*od  hv  the  application  of  10,432.^ 
aoro-foot  of  wator:  h<»noo  tho  roturn  from  the  use  of  each  acre-fo< 
ax  nioasuroil  at  tho  hoad^tes  of  the  oanal  was  $7.<i9. 

Tho  roturn  from  an  aoro-f(x>t  of  water  varies  with  the  crops  growi 

As  an  illustnition  of  this,  oorn  raisiKl  under  the  J  lateral  yielded  i 

bushols  por  a<*ro  and  sold  for  IM>  oonts  per  husheK  making  a  return  i 

$7.r>i)  por  aoro.     To  produoi*  this  0.7  of  an  aoro-foot  of  water  was  use 

on  i^ich  aoro  of  land,  or  tho  roturn  for  oaoh  acre-foot  of  water  use 

was  Jflo.71. 

Tho  roturn  for  tho  oats  was  ^18.15  ptM*  aoro;  1.55  aoro-feet  of  waU 

I  was  used  in  its  irri^ition,  making  a  i*oturn  from  each  acre-foot  ( 

i  wator  us<'d  of  sfe;.4o.     If  a  oomi^arison  won*  made  with  potatoes  tl 

difforonoo  would  Im*  nui<*h  nioro  striking.     From  this  crop  a  ro^tum  c 

,  485  an  aoro  was  rocoivod.     As  hut  littlo  mon»  water  was  used  in  it 

^'  cultivation  than  wits  usod  on  tho  i*orn.  tho  roturn  for  each  acre-foot  < 

water  usod  was  approximately  WU. 


MONTANA. 


DXTTT  OF  WATEE  IN  THE  GALLATIN  VALLEY. 

Samuel  Fortier,  C.  E., 
Professor  of  Irrigation  Engineering^  Montana  AgricvUtural  College. 

INTRODUCTION. 

In  outlining  a  plan  for  the  carrying  on  of  investigations  to  deter- 
mine the  average  quantity  of  water  used  on  the  irrigated  farms  of 
Montana,  it  was  deemed  test  to  begin  the  work  in  the  Gallatin  Valley. 

This  valley  is  justly  termed  the  granary  of  the  State,  since  it  pro- 
duces annually  more  than  one-fourth  of  the  cereals  and  contains  within 
its  boundaries  more  than  one-eighth  of  the  total  irrigated  area  of 
Montana.  The  valley  is  28  miles  long  and  about  14  miles  wide.  It 
is  traversed  in  a  northwesterly  direction  by  the  Northern  Pacific 
Railroad,  and  the  elevations  of  the  track  at  the  towns  of  Bozeman, 
Manhattan,  and  Gallatin  are  4,754  feet,  4,292  feet,  and  4,032  feet, 
respectively. 

To  the  south  of  the  valley  are  to  be  found  the  sharp-pointed,  snow- 
covered  peaks  of  the  Gallatin  Mountains;  on  the  east  the  steep  incline 
lying  between  the  East  Gallatin  River  and  the  foot  of  the  Bridger 
Range  is  thickly  dotted  with  dry  farms,  which  produce  average  yields 
of  wheat  without  irrigation;  alow  range  separates  it  from  the  Mis- 
souri Valley  on  the  northwest  and  a  plateau  forms  the  divide  between 
it  and  the  Madison  Vallev  on  the  west. 

The  area  that  may  be  brought  under  ditch  in  the  Gallatin  Valley  is 
about  150,000  acres,  and  deducting  25  per  cent  for  waste  lands  and 
tracts  that  are  not  susceptible  of  irrigation,  there  remains  112,500 
acres  of  arable  and  irrigable  land.  A  trifle  less  than  one-half  of  this 
area  is  now  irrigated. 

The  water  supply  for  this  entire  tract  of  exceedingly  fertile  farming 
land  may  be  obtained  from  the  following  sources  in  the  quantities 
stated,  which  indicate  approximately  the  average  flow  for  fFune  and 
July  of  each  year,  as  determined  by  the  engineers  of  the  United 
States  Geological  Survey: 

Cubic  feet 
per  second. 

West  Gallatin  River 1, 000 

Middle  Creek 150 

CottonwtMKl  Creek 60 

Other  streams 250 

Total 1,400 
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TH£   ISK  OF   WATEB  IN  IBBIGATIOK. 


home  bv  the  mpidly  moving;  water  in  Middle  Creek  would  have  been 
deposited  on  the  Ixittoin  of  the  cranal  and  rendered  it  in  time  nearly 
impoi'vious.  Under  existing  conditions  the  deposition  of  sediment  is 
impossible  owing  to  the  high  velocity,  and  practically  the  same  con- 
ditions have  existed  during  the  life  of  the  canal,  a  period  of  twenty- 
eight  yeara. 

Soon  after  the  (*anal  was  excavated  the  tiner  particles  of  soil,  sand, 
and  gravel  within  the  water  area  of  the  channel  were  earned  away, 
leaving  a  bed  of  cleanly  washed  cobblestones.  This  is  true  of  the 
upper  portion  of  the  canaU  but  the  formation  changes  in  the  second 
mile  to  a  clay  soil  and  subsoil  with  gravel  and  cobblestone  beneath. 
In  the  lower  2  miles  the  seepage  is  small,  except  at  gravel  bars  and 


Fi«.  1«.— The  piunevr  dlU-h  level. 

where  the  high  velocity  has  erodivl  the  clay  subsoil,  thus  exposing  the 
rocky  and  porous  su])stnitum. 

On  July  10,  1S1M>.  when  the  flow  of  the  canal  was  nearly  at  its  high- 
est ix)int.  the  writer,  aided  by  his  assistant,  Mr.  Stanley  KcH'h,  deter- 
mined ])y  means  of  a  complete  series  of  (lit<*h  and  canal  measurements 
the  loss  due  to  seepage  througliout  the  length  of  the  main  canal,  a 
distance  of  4  miles.  TIh*  main  canal  was  measured  Inflow  the  head- 
gate  at  the  niting  tlume  on  the  morning  of  July  10,  and  during  the 
day  a  complete  series  of  measun^ments  was  made  of  all  the  laterals 
and  branches  diverting  water  therefrom.  The  results  arc  summarized 
in  the  acconjpanying  tal>lc. 
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THE  DUTY  OF  WATEB  TXI  1899. 
EXPERIMENT   NO.  1. 

Tn  the  southwest  corner  of  the  Montana  Experiment  Station  farm 
there  is  a  field  of  red  clover  containing  nearly  31  acres.     About  half 


of  this  field  was  seeded  to  clover  in  thespringof  1897and  the  remainder 
was  seeded  to  barley  aod  clover  in  the  spring  of  18fl8.    Two  crops 
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188  THE    USE   OF   WATKB  IN   IBBIOATIOK. 

same  quantity  of  wat^r  being  wasted  may  be  roughly  estimated  at  S20 
moro,  or  $50  in  all.  Now  as  there  are  20  cubic  feet  per  second  wasted, 
the  total  loss  is  )M,000  per  annum,  or,  considering  money  worth  8  per 
cent,  the  exix>nditure  of  1(12,500  would  be  justifiable  in  preventing 
the  loss  of  20  cubic  feet  per  second  of  water. 

OONDinOKS  AFFECTINO  THE  DT7TY  OF  WATKB  TM  XOHTAVA. 


Throughout  Montana  the  waters  of  a  creek  or  canal  are  usually 
divided  anion^  the  resix^tive  claimants  or  shareholders,  in  continuous 
streams,  in  i)rop()rtion  to  the  recognized  rights  of  each  owner.     Were 
r  it  not  for  the.  lurp^  farms  of  this  State  a  division  by  constant  flow 

t  :;  would  be  impmetieal>l(^     It  is  wasteful  of  water  as  it  is,  and  if  the 

'i^  I  distribution  l)y  time  as  pnu*tieed  in  Utah  and  southern  California  were 

lK»tt4»r  understood  by  the  Montana  irrigators  it  would  >>e  speedily 


adopted  in  many  sc»etions. 

A  Utah  farmer  who  owns  !)ut  20  twTes  can  not  well  irrigate  hift  farm 
by  means  of  a  continuous  stream.  Only  10  luiner's  inche.s  flowing 
through  his  division  Ik)x  may  reijuire  as  many  days  to  flow  over  30 
acres.  Whereas  if  he  ean  get  50  inches  for  two  days  he  will  not 
only  water  his  farm  more  uniformly  but  save  the  labor  of  eight  days. 

f  '  By  the  c(»nsus  of  18SM)  th<'  average  size  of  the  Montana  irrigated 

||    ■  farm  was  i»5  acres,  or  nearly  four  times  as  large  as  that  of  Utah.     If 

the  water  supply  be  abundant,  little  ol)jection  can  l)e  raised  to  the  use 
of  a  continuous  stn»am  for  lOOacTes,  l)ecause  the  allotment  for  this 

..  ^  area  would  be  as  nuich  water  as  one  man  could  handle.     In  seasons  of 

I  ''!  s<*arcity,  and  for  farms  that  an*  80  acres  or  less,  a  constant  flow  is  not 

economical  of  either  wat4»r  or  lalK)r.  Under  such  circumstances  the 
division  should  b(»  made  for  stated  periods,  or  !)y  the  time  method,  by 

]  f  which  cjurh  irrigjiti)r  would  have  a  large  flow,  say,  twice  a  week,  instead 

ll  ^1^  of  a  small  flow  daily.     The  <lay  is  not  far  distant  when  the  farms  that 

are  now  1(10,  240.  and  320  acn^s  in  extent  will  be  subdivided  into  80- 
acre  farms,  and  when  that  time  comes  tiie  division  of  water  bv  time 
will  1h»  the  rule  and  not  the  exc(»ption. 

r" 

tf    :    :  DIVKUSIKIKI)    FAKMIMJ. 

j^i  Water  can  not  1k»  economically  used  on  farms  that  produce  only 

«  gniin  crops.     This  is  true  of  both  large  and  small  holdings.     While 

'f  *  irrigation  lasts  the  volumt\s  applitKl  an*  large  and  the  time  limited. 

n  '   *  Ten  days  may  suffice  to  water  a  grain  crop.     It  is  thus  evident  thei'e 

is  a  gre4it  loss  to  him  who  can  makt*  use  of  his  share  of  a  creek  or  canal 

I  during  only  one-fourth  or  perhaps  oni^-sixth  of  the  irrigation  period. 

T  :  .  So  long  as  Montana  irrigators  contiiuu*  to  seed  the  greater  part  of 

'  '  **  their  farms  to  barl(»v,  oats,  and  wlieat.  as  is  now  done  in  the  Gallatin 


USE    OF   WATER   IN   MONTANA.  189 

Valley,  they  can  not  hope  to  make  the  most  of  their  available  water 
supply.  All  the  cereals  named  require  to  be  irrigated  at  nearly  the 
same  time.  In  many  cases  seven  days'  delay  after  the  right  time  has 
come  will  materially'  reduce  the  yield.  A  shareholder  can  not,  there- 
fore, without  incurring  damage,  allow  others  to  use  all  the  water 
during  the  first  two  weeks  of  July  for  the  privilege  of  having  his 
share  during  the  third  week.  The  extent  of  land  seeded  to  grains 
under  any  particular  stream  or  canal  must  not  exceed  that  which  can 
be  watered  simultaneously. 

The  writer  has  no  desire  to  attempt  to  instruct  the  farmers  of  this 
State  in  the  kinds  of  crops  to  raise.  That  is  their  business.  If,  how- 
ever, the  same  profits  could  be  made  from  diversified  farming,  the 
area  now  watered  in  many  parts  might  be  increased  by  one-half. 

On  an  80-acre  farm  as  now  cultivated  in  the  Gallatin  Valley  one 
may  find  40  acres  in  grain,  10  acres  in  meadow,  20  acres  summer  fal- 
lowed, and  the  remainder  in  pasture,  or  occupied  by  buildings.  In 
this  case  only  50  out  of  70  arable  acres  are  productive,  and  the  bulk  of 
the  water  required  is  used  from  July  4  to  15.  Now,  in  more  diversi- 
fied farming  the  acreage  and  kinds  of  crops  might  be  as  follows:  22  in 
gmin,  15  in  red  clover  or  alsike,  10  in  alfalfa,  10  in  timothy,  8  in 
potatoes,  3  in  mangel-wurzels,  and  2  acres  in  garden,  or  70  acres  in  all. 

In  the  latter  case  the  value  of  the  yield  is  easily  double  that  of  the 
former,  and  by  exercising  good  judgment  an  equal  allotment  of  water 
if  used  for  a  longer  period  would  suffice.  On  the  farm  producing 
chiefly  grain  the  irrigation  period  may  be  only  twenty  days,  whereas 
on  the  diversified  farm  water  may  be  used  over  a  period  of  fifty  days. 

IX:)S8   DUE   TO   SEEPAGE    IN    CONVEYING   WATER. 

We  have  just  seen  that  the  loss  due  to  seepage  in  the  upper  four 
miles  of  Middle  Creek  Canal  is  nearly  22  per  cent  of  the  total  flow. 
It  is  reasonable  to  conclude  that  the  corresponding  loss  in  the  main 
branches  and  canal  laterals  is  15  per  cent  more,  making  85  per  cent 
in  all.  It  is  thus  seen  that  the  duty  of  water  for  a  particular  field  or 
crop  is  not  identical  with  that  for  a  canal,  since  the  amount  of  water 
applied  depends  on  the  place  of  measurement. 

In  regard  to  the  percentage  of  loss.  Middle  Creek  Canal  and  its 
branches  are  not  different  from  hundreds  of  canals  now  being  operated 
in  this  State.  For  every  100  cubic  feet  per  second  diverted,  it  is  quite 
probable  that  not  more  than  60  cubic  feet  per  second  ever  reach  the 
fields  of  the  irrigators.  To  corroborate  this  statement,  the  percentages 
of  loss  in  the  upper  portions  of  a  few  canals  in  the  State  of  Utah,  as 
determined  by  the  writer  in  1893,  are  herewith  given.  In  the  case  of 
the  first  named,  the  distance  included  the  whole  length  of  the  main 
canal.  Ten  years  prior  to  the  time  the  test  was  made  the  loss  was  50 
in  the  main  canal,  but  owing  to  the  deposition  of  sediment  the 
^Bcreased  more  than  one-half  in  that  period. 
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(iltADINC}   THK   SURFACE  OF  THE   FIELDS. 

1\>  ii'rigiit<^  land  that  has  an  unovoii  surface  and  an  irregular  grade 
results  ill  a  needless  wast(»  of  water,  additional  labor,  small  crops,  and 
eventually  a  cU»t<»ri()nite<l  soil.  Tn  irrigating  by  flooding  between  small 
tield  latends.  a  method  ronunonly  j)raetieed  in  Rocky  Mountain  States, 
the  surface  of  the  land  between  any  two  laterals  requires  to  be  fairly 
even  and  of  uniform  ^rad<';  otlu^rwise  the  water  as  it  spreads  from  the 
higher  lateral  will  run  into  the*  low  pla<'es  only  and  leave  the  high 
plae(»s  untouih(*d.  The  injurious  i^ilcH'ts  of  a])plying  too  much  water 
to  s(mie  i)ortions  of  the  tield  and  none  to  other  [xirtions  are  soon 
apimrent.  To  use  th<'  irrigator's  expression,  the  crop  of  the  high 
ground  lH»com(*s  ••burnt."  tliat  on  the  low  ground  '•water-logged/' 

Tn  trying  to  prevent  injury  to  the  <'ropon  tields  that  are  uneven,  the 
irrigjitor  frecjucMitly  ]H»rforms  double  and  treble  tlu>  labor  tliat  would 
1h'  n»((uired  under  more  favonil)le  conditions.  With  the  utmost  i^are, 
it  is  seldom  j)ossible  to  obtain  }l  goo(l  croj).  The  yield  on  the  dry 
places  is  not  only  h^ssened.  !)ut  its  time  (»f  rijMMiing  is  hastened.  In 
autumn  it  is  not  uncommon  to  see  tields  that  l(K)k  like  a  chessboard, 
yellow  and  green  in  alternate  ])atches.  The  tirst  to  mature  shells  out 
in  reaping,  and  the  last,  in  the  high  altitudes  of  this  Stat4'.,  is  apt  to  be 
atfect<'d  by  frosts.  In  order  to  haveacropof  uniform  quality  through- 
out, the  irrigating  water  must  be  evenly  applied  over  tlie  entire  surface, 
but  this  can  not  be  done  unless  the  surface  is  graded.  We.stt^rn  farmers 
are  lM»giiniing  to  realize  that  it  pays  to  level  the  surface.  This  knowl- 
edge* has  IwH'ii  acquire<l  by  costly  experience.  It  is  to  Ih»  hoped  that 
the  l(*sson  tluis  taught  will  not  s<»on  be  forgott^Mi. 

I'ntil  recent  years,  the  implements  used  to  gnide  the  surface  were 
either  mere  makeshifts,  or  else  were  designed  f(»r  work  of  an  entirely 
ditFerent  character.  The  V-shaped  leveler  made  of  planks  or  timbers, 
and  loaded  with  rocks  in  tlie  center,  serves  the  dou])le  purpose  of 
crushing  thi'  sods  and  hoveling  th«'  surface.  It  has,  however,  but  one 
ifood  feature  to  n^commend  it.  and  that  is  its  low  cost. 

The  ordinary  scni])er  or  railroad  slip  has  also  been  <»xtensively  used. 
If  the  object  to  be  attained  wen*  the  removal  of  ejirth  from  <me  place 
to  another  l«»ss  than  l.>0  f<M>t  distant,  the  scnijx'r  would  l>e  effective. 
.\>i  a  rule  it  is  better  adapted  to  digging  li<»les  than  it  is  to  making 
rough  places  smooth.     'VIwsa*  v>U\octu»iis  hold  true  for  the  ordinary 
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two-wheeled  scraper,  as  well  as  the  Fresno  scraper,  although  the  latter, 
having  a  longer  blade,  is  to  be  preferred.  Many  irrigators  have  also 
made  use  of  the  various  kinds  of  road  graders,  but  the  larger  imple- 
ments are  too  unwieldy.  The  two-wheeled  four-horse  road  grader  is 
the  most  serviceable  for  grading  land. 

On  the  Montana  Experiment  Station  farm  considerable  laad  leveling 
was  formerly  done  with  the  Shuart  grader.  This  device  consists  of  a 
steel  blade  5  feet  6  inches  long  and  15  inches  deep,  supported  on  a 
frame,  and  is  raised  and  lowered  by  a  lever.  The  frame,  which  is 
about  6  feet  square,  rests  in  front  on  a  pair  of  short  steel-shod  runners 
and  in  the  rear  on  two  20-inch  iron  wheels.  Very  effective  work  can 
be  done  with  this  small  implement  in  the  way  of  removing  earth  from 
the  high  to  the  low  places.  It  has,  however,  two  serious  defects.  The 
cutting  blade  is  short,  and  the  grader  when  in  operation  has  often  a 
rocking  motion  in  the  direction  in  which  the  team  is  mo\dng,  which 
leaves  the  surface  undulated  rather  than  level. 

TUOROUGH   CULTIVATION. 

Thorough  cultivation  is  considered  necessary  in  good  farming  in 
humid  countries.  The  needs  of  the  cultivated  plants  require  a  finely 
pulverized  soil.  To  a  greater  extent  is  this  true  in  an  arid  region  like 
Western  America.  Here  surface  cultivation  serves  a  double  purpose. 
It  not  only  renders  the  plant  food  of  the  soil  available,  but,  by  pre- 
venting evaporation,  retains  the  moisture  in  the  soil.  To  the  Western 
irrigator  a  soil  mulch  two  or  three  inches  deep  over  his  cultivated 
fields  is  as  essential  as  asbestos  covering  on  the  steam  pipes  of  the 
mechanical  engineer.  It  is  a  grave  mistake  to  conclude  that  the  artifi- 
cial application  of  water  to  soil  can  take  the  place  of  cultivation.  In 
applying  large  quantities  of  water  by  the  flooding  system  in  a  careless 
manner,  one  is  apt  to  make  a  paste  of  the  top  soil.  When  this  is  done, 
in  less  than  sixty  hours  the  moisture  in  this  top  layer  may  be  evapo- 
rated, leaving  it  hard  and  baked.  Under  such  conditions  it  is  aston- 
ishing how  rapidly  the  soil  moisture  is  converted  into  vapor.  If  this 
process  is  long  continued  there  will  be  found  little  moisture  within  a 
foot  of  the  surface,  the  crops  begin  to  suffer  for  lack  of  moisture,  and 
the  unskilled  irrigator,  ignorant  of  the  real  cause,  applies  more  water 
in  the  same  careless  manner.  Now,  in  manv  cases  this  second  water- 
ing  following  so  closely  after  the  first  might  have  been  wholly  unnec- 
essary if  the  proper  means  had  been  used  to  prevent  the  baking  of  the 
top  layer  of  soil  and  the  consequent  excessive  evaporation. 

METHODS   ADOI'TED   IN   IRRIGATING. 

The  duty  of  water  depends  to  a  large  extent  on  the  skill  and  appli- 
I  Attention  has  already  been  directed  to  the  need 

'  to  lessen  the  evaporation,  as  well  as  a 
Ter  which  water  can  readily  flow.     We 
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huv(*  now  to  consider  the  oc{imlly  important  features  of  the  location  of 
the  furrows,  or  tieki  luteraln,  and  the  best  manner  of  condncting  the 
water  flowing  th<'r<'in  to  the  rooti^  of  the  ^j^niwing  crops. 

Miu'h  dejM^nds  on  the  proper  locution  of  farm  laterals.  The  intelli- 
gent fanner,  who  eiiltivutos  and  irrigates  for  years  the  same  80  or 
l<>n  jirre  tnirt,  h-arns  ]»y  expt^rienee  what  ho  terms  the  '*lay  of  the 
land/'  lie  has  learned  the  right  direction  for  his  laterals,  or  ditches, 
their  ))ro|MT  distan<*es  ai>art,  and  how  to  Imate  them  so  as  to  cover  the 
high  phi(*es  with  water.  The  iM^ginner  learns  by  the  mistakes  he 
makes.  A  connnon  mistake  is  to  nin  the  laterals  in  the  directum  of 
the  greatest  slo|x*  and  to  have  them  too  far  apart.  A  better  wi^,  as 
a  genend  ride,  is  to  loeat4'  the  latends  as  near  as  praecicable,  conrislmt 
with  a  grade,  of  from  one-half  to  1  ineh  to  the  rod,  at  ri^ht  anifles  to 
th<.»  steepest  slope,  in  whi(*h  i*ase  the  water  will  flow  and  spread  with- 
out trouble  from  eaeh  latenil. 


Vui.  17.— TwM  fi»nii««  of  till-  Mii'l  ilHm. 


The  inexperienced  fanner  also  fn»quently  attempts  to  foroe  the 
water  over  too  great  distances.  I  lis  plow  furrows,  or  laterals,  instead 
of  iM'ing  from  50  to  KX)  fet^t  apart,  may  Ik*  three  times  those  distances, 
and  in  irrigating  with  a  small  flow  it  is  difficult  to  cover  with  water 
all  the  intervening  spac<». 

In  this  locality,  when  the  lat4M*als  have  l>een  made  in  the  j^rain  fieUs 
with  a  ditch  plow,  it  is  customary  to  run  over  them  with  an  imfde- 
ment  called  a  **dammer"  (1*1.  XLIV.  fig.  1)  drawn  by  one  horse.  It 
consists  of  a  large  sliov(»l  attached  to  handles  resembling  those  of  a 
plow.  As  the  horse  travels,  tin'  shovel  collects  the  loose  dirt  in  the 
bottom  of  the  dou1)le  furrow  and  when  the  driver  raises  the  handles  it 
is  depositi'd  in  a  heap  to  form  :i  dam.  These  dams  are  spai^'td  from 40 
to  75  feet  apart,  depending  somewhat  on  th(»  slope  of  the  lateral.  The 
object  of  these  earth  dams  in  lat<M'als  is  to  hold  back  the  water  and 
permit  it  to  oveiilow  the  lower  bank.  This  lx»ing  a(*com)>li8hed.  the 
dam  is  broken  and  the*  unust^d  jHjrtion  of  the  water,  together  with  the 
flow  of  the  irrigjition  stream,  is  temporarily  checked  by  the  next 
lower  earth  dam.  In  the  (*lover  and  timothv  fields  of  the  (rallntin 
Valley  little  piles  of  nianure  are  placed  in  the  laterals  for  the  same 
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This  field  received  a  thorough  watering,  and  if  part  was  wasted  it 
must  have  been  due  to  percolation  through  the  soil,  which  is  shallow 
in  places,  and  not  to  run  off  from  the  field.  The  results  of  this  exper- 
iment are  shown  in  the  following  table: 

Duty  of  water  on  oats,  a*  shovm  by  experiment  No.  8, 

Date  of  irrigation July  20-26 

Duration  of  irrigation hours. .  123. 5 

Area  irrigated acres. .  25. 09 

Water  used .acre-feet. .  32. 00 

Average  depth  of  water  applied feet. .  1. 28 

Rainfall  during  period  of  growth do. . .  .44 

Total  depth  of  water  received  during  growth . .  .do. . .  1 .  72 

Number  of  irrigators 1 

Average  head  of  water  used cubic  feet  per  8ecx)nd . .  3. 13 

Average  distance  between  field  laterals feet. .  86 

(CONCLUSIONS. 

(1)  The  average  of  the  eight  experiments  shows  approximately  1.2 
acre-feet  of  water  used  for  each  acre  irrigated. 

(2)  Irrigating  with  insufficient  help  is  wasteful  of  water. 

(8)  Much  more  water  is  required  when  the  irrigating  streams  are 
allowed  to  run  all  night  without  attention. 

(4)  Irrigating  late  in  the  season  retards  the  ripening  of  grain,  and 
on  account  of  the  prevalence  of  early  frosts  it  is  not  advisable  to  apply 
water  on  grain  lands  after  August  1. 

(5)  Little  water  is  used  before  June  15  in  this  locality.  The 
so-called  irrigation  period  is  therefore  only  45  days. 

DT7TT  OF  WATER  FLOWING  IN  MIDDLE  CREEK  CANAL. 

In  ascertaining  the  duty  of  water  for  a  field  of  known  area,  when  the 
flow  is  measured  as  it  enters  the  highest  corner  of  the  field,  all  losses 
due  to  conveyance  are  excluded.  In  the  eight  experiments  previously 
described  the  loss  of  water  due  to  seepage  and  percolation  from  the 
bottom  and  sides  of  the  main  canal  and  supply  ditches  and  from  evap-- 
oration  was  not  considered.  The  quantity  of  water  which  flowed  onto 
the  field  selected  for  an  experiment,  together  with  the  incidental  losses 
due  to  the  character  of  the  soil  and  the  lack  of  skill  or  negligence  on 
the  part  of  the  irrigator,  was  taken  to  compute  the  duty  in  that 
particular  case. 

We  have  now  to  consider  the  duty  of  water  under  entirely  different 
conditions.  It  must  now  ])e  debited  with  all  the  losses  and  waste 
which  occur  from  the  time  the  water  leaves  its  natural  source  until  it 
forms  pail  of  the  mechanical  constituents  of  the  irrigated  farms.  A 
momentary  reflection  will  convince  the  observer  that  a  muc;h  larger 
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Tlio  (iailatin  Viillov  funiiH  mv  larj^e.  From  statistics  <*ollpcted  by  the 
Montana  KxptTiiiinit  Stiitioii  in  iH^^d  the  average  Hize  of  faniLs  in 
(iailatin  County  was  l!M>  acros.  It  is  not  unrotnmon,  therefore,  for 
on<*  fannt>r  to  cultivate  and  irripito  2<K^  arrets  of  land.  Such  being 
tlir  cast^  it  is  ini|)ossi}>lo  to  ^ivo  that  close  attention  to  detailn  in 
{>ro|)<'rly  I'liltivatin^  and  irripiting  the  soil  that  one  would  look  for  on 
a  wrll-tilh'tl  farm  of  2<»  acres. 

The  low  av4'ni^<'  yield  on  a  hi^  farm  is  chiefly  due  to  careless  and 
ovfi'hastv  irriinition.  There  is  oft4»n  a  diificultv  and  sometimes  t 
disinrlinalion  on  the  part  of  the  proprietor  to  engage  a  sufficient  nam- 
Imt  of  irrijfjitors.  Kxpericnccd  irrigators  are  also  a  niH^essit^^  Even 
with  skilh'd  help  results  are  not  always  satisfactory. 

The  piM^valent  custom  tlirough<»ut  the  (rallatin  Valley  during  the 
time  of  irrij^'ating  is  to  control  and  guich'  the  course  of  the  irrigating 
stream  during  daylight  and  permit  it  to  run  '*  wild," or  without  att4»n- 
tion,  during  tin*  night.  This  slovenlv  custom  is  a  direct  result  of 
large  farm.s  and  insuilicient  help  and  has  been  practiced  .so  long*  that 
it  is  now  diilicult  to  abandon  it. 

Many  a  farmer  has  the  yield  reduce<l  one-third  through  oareles.*4ness, 
or  inattention,  in  not  applying  water  at  th<>  right  timt\  or  in  the 
pro])er  manner.  In  this  way  the  avenige  yield  is  not  only  decreased, 
Imt  a  large  perciMitage  of  the  hmd  is  heing  rendered  unpr<Kiuctivc  by 
the  presence  of  too  nuich  water.  It  i.s  unn^asonable  to  Kuppi>se  that 
each  farmer  may  allow  so  miner's  inches  of  wati'r  to  flow  at  random 
over  his  liehl  every  night,  while  water  is  being  used,  and  not  damage 
either  his  own  or  his  neighbor's  land. 

On  good  soil, where  the  defrit>  name<l  are  rem(»died.  the  returns  are 
unusually  large.  Last  fall  a  Mr.  Arnold  obtained  on  an  average  84 
bushels  of  barley  for  each  acre  scedetl.  Another  vear  a  Mr.  Goucir.s 
large  tield  of  oats  ayeniged  oyer  loo  bushels  per  acre.  Sixty-tive 
Inishels  of  wheat  to  the  am*  are  not  unc(»nnnon.  And  so  numerous 
other  examples  might  be  <Mted  of  large  yields,  Imt  as  there  is  seldom 
any  opi)ortunity  given  to  investigators  to  verify  the  reports,  they  are 
of  eomparatively  little  value. 

Herewith  is  presented,  however,  reliable  statistics  obtained  through 
tlu'  courtesy  of  l*rof.  K.  S.  Shaw,  agriculturist  of  the  Montana 
Kxperiment  Station,  of  crops  raisrd  under  his  direction  and  super- 
vision during  the  past  season.  It  is  questionable  if  Professor  Shaw's 
results  can  be  duplicated  east  of  the  Missouri  Kiv<'r.  The  straw  and 
grain  were  aceuiiitely  weighed,  and  t\\o  areas  w(»re  obtained  not  by 
measuring  the  actual  surface  of  each  plat,  but  by  asceitaining  it.s  area 
as  a  part  of  a  large  field. 

Th(»  dates  of  applying  water  are  given  in  (Mich  cjise,  as  well  as  tho^e 
of  s^'cdtime  and  harvest  tiim»,  an  important  consideration  in  an  irri- 
gat4*d  region  located  so  far  north: 
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DVTT  OF  WATER  ON  BIG  COTTONWOOD  CREEK. 

By  Special  Agent  R.  C.  Gemmell, 
State  Engineer  of  Utah. 

Big-Cottonwood  Creek  is  a  beautiful  mountain  stream,  rising  in  the 
heart  of  the  Wasatch  Mountains,  alK)ut  20  miles  southeast  of  Salt 
Lake  City,  and  having  a  drainage  area  of  about  48.5  square  miles.  At 
its  head  are  a  number  of  small  picturesque  lakes,  situated  at  an  eleva- 
tion of  from  8,5(K)  to  10,000  feet  above  sea  level.  Some  of  these  lakes 
have  been  segregated  by  the  United  States  for  reservoir  sites,  viz,  Sil- 
ver Lake,  Twin  Lakes,  and  Marys  Lake.  From  its  source  this  stream 
flows  about  12  miles  in  a  general  westerly  direction,  through  a  rugged, 
magnificent  canyon,  at  the  mouth  of  which  the  first  irrigation  ditches 
are  taken  out;  thence  it  flows  in  a  general  northwesterly  direction 
about  10  miles  to  its  junction  with  the  Jordan  River.  The  lands  irri- 
gated by  the  water  diverted  from  this  stream  are  at  an  elevation  of 
from  4,250  to  5,000  feet  above  sea  level. 

CANAXS  AND  DITCHES. 

The  location  of  canals  and  ditches  diverting  water  from  Big  Cotton- 
wood Creek,  and  of  the  lands  irrigated,  is  shown  on  map  accompany- 
ing this  report.  (PI.  XLV.)  Cross  sections  and  grades  of  the  various 
canals  and  ditches  are  shown  on  Plate  XL VI.  None  of  these  canals 
and  ditc»hes,  except  the  Upper  Canal,  were  surveyed  or  constructed 
by  an  engineer,  and  there  is  no  regularity  or  uniformity  in  their  cross 
sections  or  grades.  Frequently  the  principal  instrument  used  in  laying 
out  the  ditches  was  a  plow.  Starting  at  the  stream,  a  furrow  would 
be  plowed,  following  as  nearly  as  possible  a  grade  contour.  After  a 
short  length  of  furrow  had  been  plowed,  water  would  be  turned  in  from 
the  creek.  If  the  water  ran  to  the  lower  end  of  the  furrow  it  was 
assumed  that  the  i^rade  was  all  right,  and  the  furrow  was  continued. 
If  the  water  would  no^-  vnn  ^he  full  length  of  the  furrow,  it  was  easy  to 
locate  and  cut  d  '  >  some  instances  an  attempt 

to  have  a  ani^  Hing  grade  pegs  with  a 

triangle  and  ^  and  stmightedge, 
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and  tilt*  ilit<'lH*>  wen-  Mip|x>>ed  to  have  certain  bottom  widtfan.     As  a 
i  j  iimttfM'  of  fju-t,  howc'V«T,  the  rross  section  and  grade  of  Any  jpven 

j  riitrii  vuri<*.s  iN-twccn  nither  wide  liuiit«»,  wi  may  readil}'  be  iina^ned 

'  from  the  niethixLs  of  c^>iistruetion. 

;.}  HI8T0BY  OF  ABBITBATIOV. 

if^  On  iS»i)tt»nil)or  Vi.  Is71»,  the  district  court  of  the  Territory  of  Utah 

i|  HpiMiintcd  .liiscph  S.  liawlins.  Keiilien   Miller,  and  I).   B.  Brinton, 

;i  after  they  luul  i)n'vioiisly  lM»en  chosen  by  the  water  owners  of  Big 

'^  (V)ttonw(K>(l  Oeek.  a  Innird  of  arbitrators  to  adjust  all  claims  to  the 

water  of  said  ereek  and  report  its  findings  to  said  district  court.     Thij4 
J  InmrcU  for  eonveni«'nee,  dlvid(*d  the  creek  into  »iO  parts.     One  part 

would  4»ntith'  its  own«»r  to  irripite  127.25  acres  during  time  of  low 
watiM'.  F^arli  part,  or  share,  was  taken  to  mean  one-sixtioth  of  the 
waters  flowin»r  ii»  the  creek  at  the  hi^rhest  i>olnt  thereon  wliere-water 
\h  diverted  by  any  of  the  ranals  or  ditches  ni<'ntione<l  in  said  agree- 
ment for  arbitration.  ( )nly  those  holding  primary  rights  were  allotted 
I  share>  during  low-wat4'r  s<>ason.     The  ))oard  classified  the  different 

I  <*anals  and  ditches,  and  imrt>,  or  shares,  were  allotted  as  follows: 
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r  •"  A  formal  print<»d  report  showing  the  n'sults  of  the  action  of  the 

*  f  ■'  Ihjard  of  arbitration  was  made  to  the  district  court,  and  was  pro|>erly 

1  '' •  tiled.     F'^aeli  owner  of  a  primary  right  in  the  stn*am  was  servinl  with 

^  ij*  a  written  or  printed  not  ire  of  th«'  arlutration.  and  a  time  was  set  by 

'    "  tin*  c<»urt  for  hearing  obj(»ctions  to  said  arbitnition.     No  one  apjx^ared 

or  objectiMl.  and  tlie  judgment  of  tlie  court  w:is  rendered  in  accoi'd 
ance  witli  the  t«»rms  of  the  arbitration. 
^^11  Nearly  all  of  the  owners  of  [)rimarv  water  rights  apptMirinl  l>efore 

p.  M  the  board  of  arbitrators  and  signed,  under  oath,  an  agreement  to  accept 

'■^  the  division  made  by  the  board  as  binding  and  final.     This  agreement 

was  pioperly  file<l  with  the  district  court,  but  has  since  disappeared 
and  can.  not  now  be  found.  There  were  a  few  who  did  not  sign  this 
agreement,  notably  the  \Valk(»r  Hrother>  and  a  few  owners  on  the 
(rreen  Ditch.     Others  now  claim  that  they  did  not  sign  the  agre^enient^ 
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but  the  records  of  the  proceedings  of  the  Inmrd  of  iirbitrntoi-s  show 
that  they  did. 

The  division  made  by  this  board  of  arbiti'atoi's  is  supposed  to  be  the 
basis  upon  which  the  water  is  divided,  and  is  considered  binding  by  all 
of  the  owners  of  primary  rights,  although  those  on  the  Green  Ditch 
and  part  of  the  Tanner  Ditch  claim  more  water  than  was  allotted  to 
them  by  the  board.  As  a  matter  of  fact,  the  upper  canals  have  always 
had  more  than  their  allotments  and  some  of  the  lower  canals  less. 

The  following  table  shows  the  quantities  of  water  actually  diverted 
by  six  of  the  c»anals  and  ditches,  together  with  the  quantity  that  would 
have  been  diverted  by  each  ciinal  if  the  total  quantity  of  water  had  been 
divided  in  accordance  with  the  allotments  of  the  board  of  arbitrators. 
During  the  .ipason  of  1899  there  was  an  unusually  large  amount  of 
water  flowing  in  the  creek,  and,  as  there  was  an  abundance  of  water 
for  all,  very  little  attention  was  paid  to  the  manner  of  dividing  it. 

Tnhle  shmnng  (he  quantity  of  water  actuaUy  diverted  by  each  canal  during  the  irrigating 
season  of  1899^  together  irith  the  ffiantity  that  would  hare  been  diverted  if  the  water  had 
been  diHded  in  accordance  with  the  allotments  of  the  board  of  arbitrators. 
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The  Big  Ditch,  Lower  Canal,  and  Hill  Ditch,  being  the  last  on  the 
creek,  claim  that  thev  have  never  recx»ived  the  amounts  allotted  by 
arbitration.  As  a  water  master  on  one  of  the  upper  canals  naively 
remarked:  "•  In  high  water  they  can't  take  it,  and  in  low  water  they 
never  get  it.     We  take  what  we  want  and  let  them  have  the  balance." 

This  division  bv  arbitration  was  contested  bv  suit  in  the  third  dis- 
trict  court  in  1891  and  1892  by  the  ow^ners  of  the  Green  Ditch.  In 
this  suit  they  got  judgment  for  enough  water  to  irrigate  400  acres. 
Under  this  judgment  they  have  usually  taken  all  the  water  they  needed, 
except  at  short  intervals  when  the  owners  of  the  Big  Ditch  would 
shut  off  part  of  the  water  flowing  into  the  Green  Ditch  and  turn  it 
down  the  creek. 

It  would  seem  that  the  root  of  all  the  trouble  was  the  method  pur- 
sued by  the  board  of  arbitration  in  making  the  division.  It  appears 
that  the  board  did  not  make  any  measurements  of  lands  irrigated 
under  eacb  t  "         ily  called  upon  owners  of  primary  rights  to 

state  ores  thev  claimed  water  rights.     The 
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ur rp:i^(>  was  footc^l  up  for  nu'h  ditrh  and  the  divimon  made  upon  thtl 

I  Imsis.    IN>o])l(' <>\vinn^^])riinury  ri^^htsturnod  in  theac'reage  they  thoii|fh1 

i  thov  had.     Aftorwanis,  when  survovod,  it  wan  found  in  some cmses thtl 

thev  ha<l  not  turiuHl  in  enough.     For  instam*e,  the  people  on  the  Uppei 

(anal  now  claim  that  tluMr  allotuiont  was  about  100  acres  short.    Ii 

j  tho  msv  of  th<>  Hi^  Ditch,  othtM*  (ninaln  claim  that  the  sfcooidhriden  ii 

f  the  IVi^r  Ditch,  in  order  that  thoy  might  receive  a  htrge  mllotmentol 

'   j  water  by  the  arhitmtion,  turned  in  all  the  land  they  bad  in  the  dlstiiet 

'y  whether  it  had  lN'(>n  irri^ited  or  not.     In  that  way  much  wet  pestan 

:',  land  is  said  to  have  been  listed,  which  they  did  not  irrigate  befon 

and  havi*  not  since.     A^iin,  it  is  claimed  that  much  of  the  land  tamed 

1  in  by  owners  on  the  Ki^  I)it<'h  was,  and  always  has  been,  irrigated 

from  sprinjrs. 

The  whol(»  matter  of  division  of  the  water  seems  to  be  in  a  very 
unsatisfactory  c(»ndition.  So  nuich  so  that  the  tnmliles  will  probably 
<*ulminate  in  a  lawsuit  involvin^^  all  of  the  rights  on  the  creek. 
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WATEB  BIGHTS. 

The  records  used  in  making  distribution  of  the  water  are  those  kept 

I  by  t  he  water  masters.     The  water  master  of  each  ditirh  keeps  a  record  of 

j  all  the  rights  under  his  ditch,  which  is  generally  conceded  to  be  correct 

j  by  the  owners  on  that  particular  ditch,  but  not  necessarily  so  by  the 

j  owners  on  oth<»r  diti'hes. 

I  TIh»  water  nnister  on  a  ditch  is  elected  hy  the  owners  of  water  rights 

i  in  the  ditch,  who  hold  a  meeting  annually  for  that  purpose.     "Die 

'  county  c(nnmissioner>  used  to  appoint  the  water  manters,  but  tlie  dis- 

,  J  trict  court  ruled  that  thev  should  b<'  elected  annually  by  the  Carmen 

fj,  themselves. 

The  own<'rship  of  water  rights  is  luised  mainly  upon  the  records  of 

the  water  njasters.  *»ach  own«»r  Inking  supjwsed  to  have  a  right  to  water 

1  a  certain  number  of  acres.     A  right  does  not  mean  any  certain  quan- 

^  tity  <»f  water,  nordcx^s  it  mean  any  certain  {xirtionof  the  water  flowing 

in  th<'  creek.     This  is  owing  to  the  manner  in  which  the  water  i^ 

divi<le(l. 

*'j  In  the  spring  when  th(»  crei'k  rises  the  upper  ditches  are  filled  full, 

'•4  and  kept  full  as  long  as  possible.     If  they  do  not  take  too  much  no 

'j  ol>jection  is  made,  but  if  they  take  so  nnich  that  the  lower  ditches  do 

^*'  not  tret  all  th<»v  want,  then  the  owners  of  the  latter  call  for  a  division.- 

11 

\  Som<'  st'asons  when  then»  is  a  wet  spring  a  divi.sion  of  the  water  is  not 

i"  neces>jirv  until  July  I.     Other  years  when  there  is  adry  spring  it  may 

•  1l  1m*  nec(VNsarv  to  have  a  division  as  (»arly  as  in  April.     U.sersof  surplus 

water  are  genenilly  shut  olf  on  •luly  1 ,  but  it  dejxMids  upon  the  season — 

that  is.  when  tin*  wat(»r  in  the  <-re(»k  gets  low. 

When  the  division  is  made  the  water  masters  of  all  the  canals  and 

ditches  owning  primary  rights  meet  at  the  lowest  |X)int  on  the  creek 


r, 


rSE    OF    WATER    IN    UTAH.  201 

where  water  is  diverted,  iiiid  proceed  upstreaui,  ineiisuriii«r  the  width 
and  depth  of  water  flowing  at  the  head  of  eju»h  canal  as  they  go.  In  this 
wa}*^  the  number  of  "Vsquare  inches ''  flowing  into  each  (*anal  is  obtained. 
These  are  added  together  to  obtain  the  total  nunil)er  of  '•\**quare  inches'' 
diverted.  Then  the  water  masters  usually  proceed  downstream,  regu- 
lating the  quantities  of  water  diveited,  so  that  each  <*anal  will  have  itj* 
proper  number  of  '\square  inches/'  according  to  the  shares  allotted  by 
the  arbitmtion,  although  this  rule  is  not  always  closely  followed.  This 
regulation  of  the  water  holds  good  until  another  division  is  (*alled  for. 
They  realize  that  there  is  nothing  accui'ate  about  this  method  of  meas 
urement,  but  have  always  made  it  in  that  way.  The  measurement  was 
usuallv  made  over  a  board  at  the  head  of  the  canal.  This  vear  it  was 
made  over  Cippoletti  weirs  (PI.  XLVII).  A  stream  1(H>  inches  wide 
and  5  inches  deep  would  be  500  ''im^hes,"  according  to  their  method, 
and  a  stream  50  inches  wide  and  10  inches  deep  would  also  l)e  5(K> 
*'  inches.-'  No  allowance  is  made  for  differences  in  velocity  in  the  vari- 
ous  canals.  The  upper  ditches  take  out  their  full  numln^r  of  "•  inches,'' 
and  the  lower  ditches  take  what  they  can  get. 

The  division  of  the  water  amonef  the  owners  of  anv  ditch  is  made  bv 
the  water  master.  A  description  of  the  ownership  and  method  of 
dividing  the  water  on  the  Brown  &  Sanford  Ditch  will  ^erve  as  an 
illustration. 

Ownership  in  the  water  goes  by  shares  or  "'rods,^'  each  rod  repre- 
senting that  length  of  the  main  ditch  built  by  the  first  owners.  The 
water  master  kept  track  of  the  construction  work,  calculated  the  iu*re- 
age  to  which  different  ones  were  entitled  according  to  such  work,  and 
made  out  certificates  for  the  same.  Usually  the  farmers  do  not  form 
a  regular  company,  but  simply  club  together  and  furnish  lal)or  for  the 
construction  of  the  main  ditch.  Water  enters  all  the  main  branches 
by  self -dividing  gates,  the  widths  being  proportioned  to  the  shares,  no 
attempt  being  made  to  attain  ac<*uracv.  During  low  water  these 
branche^s  usually  take  turn  about  in  carrying  the  full  flow  allowed  to 
the  main  ditch,  as  the  water  will  go  much  farth(»r  by  thus  using  a 
large  head. 

For  the  individual  owners  on  each  main  branch  there  is  an  allotment 
to  each  of  the  full  flow  for  a  certain  number  of  hours,  beginning  at 
the  one  nearest  the  head  and  following  down  in  regular  order.     Usually 
seven  and  one-half  days  or  one  hundred  and  eighty  hours  is  the  period 
for  one  rotation,  the  watering  then  beginning  at  the  head  again.     Each 
owner's  gate  is  fixed  so  that  he  can  take  the  full  flow,  and  his  ¥rater 
ticket  shows  the  date  and  number  of  hours  he  is  entitled  to  all  of  the 
water,  so  that  he  can  at  once  divert  it  when  his  time  begina* 
time  the  one  al)ove  is  to  cease  diverting  it.    Where  tb< 
among  the  owners,  all  this  is  done  without  Vflr" 
the  part  of  the  water  master,  his 
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tirki'ts  of  timr  for  .such  (listrihution.  The  '*  rods"  or  sharen  arc  Hoiue- 
tiinrs  (lividod  into  (pmrt^^rH,  and  ovon  smaller  fractiooH,  to  Huit  the 
various  holdings. 

From  what  has  Inmmi  siiid  it  will  })c  noted  that  it  would  not  be  eaMV 
to  obtain  a  U'^iliy  doHncd  title  to  water  on  this  Htream,  and  that  it 
w^ould  hv  im]M>ssi}>Ie  to  det4^rmino  how  much  water  any  ^ven  rijifht 
represents. 

STUDIES  OF  DUTY  OF  WATEB  IK  1809. 

Instructions  to  measure  the  water  diverted  from  Big  Cottonwood 
Creek  hv  <*anais  and  ditvhes  were  not  received  until  alK>ut  June  L 
1S*.M>.     As  s<H)n  as  possible  thereafter,  ('ip])oletti  tra{>ozoidal   weirs 
were  put  in  the  canals  and  ditctn's  at  |M)ints  near  the  head^tes,  and 
the  meiisurements  were  U»j«fun.     It  re<|uin»d  considenible  persuasion 
in  some  instances  to  obtain  jwrmission  to  put  in  the  weirs.     Thei-e  has 
b(»(»n  more  or  less  friction  amontf  th(»  owners  of  the  various  <*aimls  and 
ditches,  and  some  of  them  did   not  want  the  water  measured  at  all. 
The  own(»i"s  of  the  Tanner  Ditch  would  not  allow  a  weir  to  Ix*  put  in 
where  all  of  the  water  they  divert«»d  could  1k»  measured.     During  part 
of  tlu»  season  they  nui  water  from  the  creek  through  a  small  branch, 
turning  it  into  their  ditch  at  a  jKiint  alnmt  50  yards  Ixdow  the  weir. 
At  the  time  the  weir  was  put  in  owners  of  other  ditches  said  they 
v.ould  shut  olT  this  bninch,  claiming  that  the  Tanner  Ditch  had  no 
right  to  take  water  through  it;  but  this  was  not  done  until   the  creek 
ha<l  fallen  to  low-water  stage.     The  m<Misurements  made  in  the  Tanner 
l)it<h  are,  then»fore,  of  little  or  no  value.    Th(»  weir  on  the  Farr  & 
llarjx'r  Ditch  was  torn  out  by  the  ditch  ownei-safttT  InMng  in  only  one 
day,  and  arningements  wen*  not  completed  for  replacing  it  initil  early 
in  Jul  v.     Most  of   tin*  wat<»r   measured   in   the   Walker    Diteh   was 

« 

merely  run  through  a  fish  ))ond,  only  a  small  {portion  of  it  Y>eing  used 

for  irrigating  purposes. 

The  heads  on  tlh»  W(»irs  were  measured  once  a  (biy  with  a  hook  gage. 

Probablv  the  heads  should  have  b«»en  measunnl  at  least  twice  a  dav, 

as  th<'n»  is  generally  a  slight  variation  b«»twt»en  morning  and  evening 

in  th(»  discharge  of  the  cre(»k.     Hut  as  the  weir  measurements  were 

made  at  all  hours  of  the  dav,  and  not  at  anv  ])articular  time  for  each 
g,»  ....  * 

;.4|i  ditch,  it  is  believed  that  a  fair  avenige  of  tlu*  How  was  obtained. 

In  order  to  calculate  the  dutv  of  wattM*  it  has  been  necessarv  to 

•  •• 

estimate  the  flow  in  tin*  canals  and  ditches  during  Ai)ril,  May,  and  the 
early  jmrt  of  June.  In  doing  this  use  has  becwi  made  of  gagings  of 
the  discharg(»  of  the  cn»ek.  Thesi*  gagings  wM»re  made  by  Mr.  F.  C. 
K<ds«»y,  city  engineer  of  Sidt  Ijjike  City,  over  a  Cippoletti  weir,  the 
head  IxMng  mejisured  twice  a  day  with  a  hook  gage.  The  estimates 
of  flow  in  cjinals  and  dit<*hes  during  that  part  of  the  irrigating  season 
when  weir  measurements  wen*  not  t^iken  have  lH»en  thoughtfully  and 
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carefully  made,  and  it  is  believed  that  they  are  pretty  close  to  the 
truth.  For  reasons  previously  stated,  no  attempt  has  been  made  to 
calculate  the  duty  of  water  under  the  Tanner,  Farr  &  Harper,  or 
Walker  ditches. 

The  irrigating  season  usually  begins  about  April  15  and  ends  about 
St^ptember  30.  The  date  when  irrigating  is  begun  varies  with  the 
seasons;  with  a  dry  spring  it  may  begin  as  early  as  April  1,  and  with 
a  wet  spring  it  may  begin  as  late  as  May  1. 

During  the  winter  of  1898-99  there  was  an  unusuallv  heavv  snow 
fall  in  the  mountains  on  the  drainage  area  tributary  to  this  creek. 
For  this  reason  there  was  an  abundance  of  water  for  all  ditches  during 
the  early  part  of  the  inigating  season,  and  it  is  believed  that  more 
water  was  taken  out  then  than  was  needed,  and  that  the  dutv  of  water 
was  therefore  lower  than  usual. 

The  following  table  shows  the  precipitation  as  recorded  by  the 
Weather  Bureau  at  Salt  Lake  Citv: 

J^recipUation  at  Salt  Lake  C'dify  l-Uih,  October y  1898,  to  September ,  1899. 


Month. 


1898. 


October 

November 
December 


January . 
February 
March . . . 

April 

May 

June 

July 

Auj^ust 


JoW. 


Septeml>er. 
Total 


Rainfall. 

Alxjve 
normal. 

Inches. 
0.03 
.59 

Below 
normal. 

Inctifs. 
1.57 

Inches. 

1.95 

1.28 

******            * 

.84 

.00 

•2.98 

1.70 
.90 

2.93 

.81 

1.40 

2.59 

.87 
.17 

.96 

.42 

.11 

1.06 

.:« 

.23 



17.39 


4.60 


2.70 


From  the  above  tiiblo  it  will  be  noted  that  the  precipitation  from 
October,  1898,  to  March,  1899,  inclusive,  was  2.26  inches  in  excess  of 
the  normal;  while  during  the  irrigating  season,  from  April  to  Septem- 
ber, 1899,  inclusive,  it  was  0.30  inch  below  the  normal. 

In  order  to  make  an  intelligent  comparison  of  the  duty  of  water 
under  the  various  canals  it  is  uecessarv  to  know  what  kinds  of  lands 
were  irrigated  in  each  case.  As  a  general  statement  it  may  be  said 
that  bench  land  requires  about  50  per  cent  more  water  than  bottom 
land. 


BUTLER   DITCH. 


The  aor 


be 


ted  by  the  Butler  Ditch  is  all  sandy,  gravelly 

«h  water.     The  area  irrigated  under  this 

^ing  table  shows  the  daily  use  of  water 

4pril  15,  when  irrigation  began,  to 
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S«!pt<-iii)N-r  :tn,  when  irrigation  cloeed.    The  flow  from  April  15  I 
Jtiiii-  s  is  cstiiimh'd.  as  previuuiJy  explained: 

W.iirr  "»'/  ill  irrii/iiliiiij  Ititulii  mulrr  thr  ButUr  IHiek,  1899. 

isiv  illBAniin.  11.  XIII.  p.  71.] 


a.sT.'tf  I 
Lvna  ; 

.LVM  • 

■i.v.:':  • 

B.HT-'tf 

■j.uT.'e; 


^j.ttT.'ct  I 


(.mil 

l.WII 

i.wii 
l.mii 
i.niii 
l.nr.ii 
i.mii  ' 

4.  Mil 

i.nin 


i.Enii 

4.EnlI 
LAlll 


Jllllt-, 

,«. 

AtwoM. 

HclrtemlM-. 

-■"ffe 

n-a 

""^ 

■"«!■ 

.7m 

.TWt 

/»»/(,  ..;■  ,n,(,  ,■  ,„„/,■,■  f/„    /(«//,  ,■  /W,V,,  IKUi 


tJUBntll).  '  iNiilli.    ^""^H'l 

,(.n».  .l.r-/tH,  Kil.    \    A-f 

va.ri ;      n.eaa  o.w  

I'ii.r,  iii.toii  ;     i.n  I 

1-ja.s  wi.-Enz  a.ia! 

isi.fl  aHi.-pi7ri  i.(«  I 

i'jH..i       m.iaw  .«i ! 

l».Sl       W.IM7  I  .31    


(-.u        sx.n 


Is  irTijnl-<l  t'Hvh  i 


IllMIWN    ,1-    .SA\K<1HT)    IHTCll. 

Tlic  mrcajrc  iiiidi'i- the  Hiviwii  A  SiinfonI  Ditch  is  nciirly  till  Miiidy. 
jrnivi'lly  lH'n<ii  liiml.  i-i'i|uii'iii<r.  iiiucli  wiiti'i-.  TIic  tmti  irrigut<><t  U 
l.ios..-.  !,i-ivs.  Till-  f.»llowiii-r  tiil.l.'  stu.wsilH'  (liiiiy  fl.m- nf  thi«  ditfli 
friiiii  April  l.'>  Ut  ScptcnilHT  ;in,  tlic  |iiTi<Kl  (ti)riii}r  wliicli  watfr  was 
iisifl  ill  irrijpitMni.    T\\^'  Aun^  U-vaw  \\i\a\  \-i\«  Jvlw  Lu  ia  entiinatvd. 
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Water  u«ed  in  irrigaiiug  /«jw/«  under  the  Brovit  t(*  San/ord  IHtrh^  1^)9. 

[Set!  diHgram,  PI.  XII,  p.  74.] 


Day. 

April. 
A(r*>fef1. 

May. 

June. 

— 

Acrf-fert. 
67.3851 
67.3851 
67.3851 
C7.3851 
67.3851 
67.3861 
67.3851 
67.3851 
67.3851 
67.3851 
67.3851 
67.3851 
67.3851 
67.8851 
67.3851 
65.&529 
68.0301 
70.4132 
71.4060 
73.5868 
74.3802 
71.4050 
65.6529 
74.3802 
72.1988 
67.4380 
69.6198 
67.4380 
68.8264 
68.8264 

July. 

Atre-frrt. 
69.0248 
69.0248 
69.2231 
69.2231 
69.4215 
69. 4215 
69.6198 
69.6198 
65.a578 
66.4463 
&1.2(M5 
70.4132 
65.9339 
69.6198 
48.6950 
52.  l&Vl 
42.4463 
41.0578 
45.0248 
42.444'i3 
44.4298 
42.4463 
43.0413 
42.4463 
29.5537 
28.9587 
81.9339 
18.2179 
17.8512 
17.2562 
17.8512 

AufTUNt. 

Arrt-feti. 

16.8595 

15.2727 

17.2562 

22.0165 

19.8347 

18.2479 

17.8512 

17.8512 

17.8512 

17.2662 

16.8595 

17.2562 

15.2?27 

13.4876 

14.8760 

14.8760 

13. 4876 

12.8926 

12.8926 

12.4957 

8.  .5289 

8.5289 

10.3140 

10.3140 

8.  .5289 

8.9256 

8.5289 

12.0992 

5.5537 

6.:V471 

8.  i:«2 

September. 

* 

1 

Acrc-fect. 
42.9421 
4-2. 9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9121 
42.9421 
42.9421 
42.9421 
42. 9421 
42.9421 
42.9421 
42.9421 
42.9421 
42.9421 

Acn-ltfi. 
8.  .5289 

•> 

8.9256 

3 

8. 925(> 

4 

8. 6289 

5 

8  l.'i22 

6 

7 

7.7355 
8.1322 

8 

9 

10 

8.5289 
8.5289 
8. 1322 

11 

8.9256 

12 

8. 5289 

13 

8.9266 

14 

10.7107 

15 

16 

17 

18 

19 

2tl 

•21 

17.U.")79 
17.0579 
17.a579 
17.0579 
17.0579 
17.0579 
17.0579 
17.0579 
17.0579 
17.0579 
17.0579 
17.0579 
17.0579 
17.0679 
17.0579 
17.0579 

10.7107 
10.3140 
9.9174 
H.  l:i22 
8.5289 
8.5289 
8.1322 

22 

8.1322 

23 

8, 5289 

21 

8.1322 

25 

6.7438 

2fi 

6.7438 

27 

7. 7355 

2K 

8.1322 

29 

8.52H9 

30 

8.9256 

31 

Total 

272.9264 

1.331.2051 

2.060.0297 

1,552.0««.0 

120.4952  , 

257.  ft571 

Ihitij  o/*  Witter  under  Broim  tt*  AStwford  l>itcli,  ISUl^. 


I 


Water  ustni. 


Month. 


Area.' 


-\rua  per 
cubic 


Am*.        Arrr-fni. 

April 1 .  108. 5        272. 92W 

May 1, 108.5     l,3;U.  2l>51 

June 1. 108.5     2.060.0297 

July 1.108.5  ,  1,552.0660 

August ■  1 ,  108. 5  I      420. 4952 

Septemlwr 1.  IOH.  5  |      257.  to71 


Ftd.    I     ArrtH. 

0.25  I 

1.20    

\.m   

1.40    

.:«  

.23    


Total  irriKHtion ,  5,893.7795 

Rainfall 


6.32  I 
.49  I 


«••;».  01 


Total  water  reeeive<l, 


5.81 


>  For  the  purposi' of  efiiimatinK  depth  of  water  umhI.  the  whole  area  is  a.wuniiHl  to  have  been  irri- 
Kate<1  eatrh  month. 
sContinuouH  flow  for  169  day»(. 


UPPER   CANAL. 

Under  the  Upper  Canal  at)oiit  8(X)  acrc8  is  sandy,  gravelly  l)eiieh  land, 
about  1,200  acTes  is  clayey  bench  land,  not  requiring  quite  so  much 
water  as  the  gravelly  bench  land,  and  al>out  S)0  acres  is  bottom  land, 
Tequiiimr  than  the  clayey  bench  land.     The  total  area 

18  l|l  ig  table  shows  the  daily  use  of  water  on 

UlM  \  from  April  20  to  June  3  is  e,stimated. 
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>      i.. 


I' 


•ii 


ill 


nV//*  r  im*il  ill  irritjiUing  Inwh  vntlvr  the  I'ffptr  Canal j  18t^. 

[S('i<  fllHKTnin,  1*1.  X.  |».74.] 


•i»M\. 

.\|»ril. 
Arr*-Jtrt. 

May.       1 
Arn-/f*t. 

.hltir. 

July. 

Arrr-frrt. 

Arrr-frrt. 

1 

71.  tU'iU 

lUCl.  1«U 

10f.*^266 

■> 

71.  11 «» 
71.  tli'iU 
7I.KI50 
Tl.lirt) 
7I.ll>r><l 

lOTi.  iai7 
107.  IU7J 
11(>.»»1 
111.4711 
11)7. 1074 

iM.:fii06 

•  1 

103. 73W 
lUi.1406 

1 

.'»    .                   .  .  .  _ 

102.r»4.'i5 

Ii 

101.9!i01 

t 

7I.-Hrt» 
71.4*i."><l 

107.7025 
10N.4UAU 

101. 35M 

S 

102.3471 

•1 

....      ....* 

71.4<i"il> 

109.0909 

10B.0992 

m..  .           

71.4ll-)(» 

109.HH13 

105. 1240 

11 



71.4IW) 

110.479:1 

108.0992 

\'i 

71.4a-,i» 

111.2727 

107.1074 

\'\ 



7l.4«riO 

111.W7K 

107.1074 

11     

71.4UjI) 

112.  Mil  2 

97..'iHliH 

\:^ 



"l.tli'ill 

ii:i.  454:1 

98.5785 

Hi 



71.  lu'iJ) 

UI.OlMi 

108.  KWH 

17 



71.  liL'iH 

I2I.«.iKtri 

Ki.lWW 

IH 

7I.l».'i»» 

loi.:iV>i 

K»J.2.)ti2 

I'l 

71.  la-iO 
71.  !<».'•«» 

HL'.  :ii7i 

89. 2ri(i2 

•jii 

:tH.  .K7iii» 

Kl.fiKW 

•Ji 

:i.s>7«a» 

71.  HiiVi 

n«.:«.sM 

M.(Ki42 

•^» 

U»».  ^7•'4^ 

71.  l«».-.i» 

K'kIKMIS 

S:{.tNlliK 

iA 

:^^.  X7f4» 

71.  UCiii 

s'j.  2:»«i2 

Kl.ii«M2 

1    21... 

:is.  ^7^4» 

71.  lu-14) 

Ki.'.imw 

?.».  XWH 

2.") 

:is.  s7«Mi 

71.  lin'iO 

M.li«H2 

li-S.iSlU 

2iV.    .. 

:iH.  K7«i(i 

71.4>rti 

nil.:i-v>i 

M.ir»f2 

27 

:<s.  s7«n» 

71.  lu'ii) 

Hr2.:U71 

W).  Uiil»2 

2S. 

:is.  s7r,i» 

71.  liiL'iH 

97.  .VMiH 

47.8017 

2y 

:;s>7iai 

71.  Ui'*\ 

imi.  iir.7 

47.2Mir> 

:ii» 

:tf».  •»7«rll 

71.  l«»-"i»» 

nr».  .VJ»7 

44.2:U4 

:n 

127.  <•.;*♦•<» 

71.  um 

2.2l:t..Vi.'iti 

40.ritil2 

1             r«iiMi 

:i.  1 1."».  '.W27 

2,710.2118 

AufOUit. 


37.MH4S» 
»9.HG78 
S9.'J727 
47.2U6C 
87.11909 
86.4969 
87.8H43 
87.4M76 
87.0909 
86.4969 

84.  lift? 
81.  140!S 
t£t>.  771  i9 
27.  8719 
I>«5.  7709 
»i.  77«J» 
•.M.yi»17 
24.  :«>t»7 
23.  Mill  7 
24.1W17 
24.8Ut*7 
22.  2149 
24.in»17 
24.*nil7 

24.:ttH;7 

21.1*1*17 
24. 1*917 
'£\.  2Uri6 
24.:«Ni7 
19.  2:*97 


flfe|ytember.l 


-23.2006 
19.2897 
18.2479 
21.0M8 

i9.!nn 

'A.2D66 

!U.3867 

28.8017 

2S.2066 

2S.Mn7 

21.6198 

19.2807 

18.2479 

19.2897 

IK.  8480 

IK.  2479 

19.2:«T 

21.til9M 

19.28V7 

IK.  Mao 

I9.28tf7 
IK.  M.fil 
I9.2»tf7 
lH.K|ft| 
17.  (1529 
1H.2479 
17.»A29 
1»*.2479 
IN.  H4a) 
18. 2479 


9:«).24H(J         5!»i.KI(ll 


/>»//»/  nf  irnh'i'  Hii'itf  tilt  ('fifttr  i'mial^  ItSVf*. 


Ml  •mil  .Xn-a.' 


I  AritM. 

\\tr\\ '  I .  v.m.  r» 

May l..v.»i».:. 

.UlXW I .  .'i".!!!.  .*» 

.hily 1 .  ■•^'<».  ^ 

Au^usi I .  -ViJ. ') 

Si'pU'iubfr 1 ,  'iW.  '> 


WatiT  iiMsl.  JArwifur 

-     -  -J      cubic 


Tdtiil  irriKiitinii. 
Kainfall 


ArfT-fcft. 

2,2i:;.r».Viii 
:i.  ur>.ys-j7 

2,710.21  |H 

«m.  2  IN) 

TAW.  Hi  01 
l<M»2t;.  tHMi 


Tulal  water  n'<Tiv«'«I 


h'**t.  \     Arr*f. 

0.27  

l.;il>  

1. 1**  

..V*  ; 

..iN  , 

ti.:{i)  I  51.r<:i 

.    ^.r       I.......... 

\*m    t  J       1.......... 


'  Kf»r  the  puri>«'«' "f '•"i'>I''"*"«  ''"'  <l«'|'tli  i«f  «ati'r  uh*!.  tlii-ulinlr  an-a  i*'  as<*i until  ti>  huv*.*  Ixrn 
irrit;at<-4l  cac-li  iiiniitli. 
-<'i  Hit  in  114  Ml*'  tliiw  fur  I  (it  ila\o. 


(;kki:n   iHTrii. 

'Hk*  acnni^f  iiiidrr  tin*  (thmmi  \)\Xv\\  is  :ill  liottom  limd.  A)K>ut  300 
xikVi'^  of  it  is  j^nivt'lly  land.  i*<M}uirin^^  much  water;  the  remainder  b 
rich.  h)aiiiy  soil.  rc(}uirin^  Ic.^s  water.  Tho  totul  area  irriirated  under 
this  <lit4h  is  r)Sr>.2r)  acres.     The  dailv  use  of  watei  '■■ 

shown  hv  the  followinjr  tul)le.     The  tlow  from  J 
estimated. 
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Water  naed  iu  irrigating  lands  under  the  Greni  Ditch ^  1899. 

[Sec  diagrram,  PI.  XIV,  p.  74.] 


Day. 

April. 

May. 

June. 
Acre-fcft. 

July. 
Acre-feet. 

August. 

....     ..    _l 

Acre-feet.   ' 

September. 

Acre-fret. 

Acre-fret. 

Acre-feet.   ' 

1 

16.4628 
16. 4628 
16.4628 
16.4628 
16. 4628 
16. 4628 
16.4628 
16.4628 
16.4628 
16.4628 
16.4628 

19.8347 
19. 8347 
19.8347 
19.8347 
24.1983 
23.0083 
21.6198 
22.6116 
23.6033 
24.5950 
25.5868 

17.0579 

15.8678 

14.4793 

13.2893 

11.9008 

10. 5124 

9. 1240 

6.3471 

9.5207 

9.5*207 

3.7686 

8.?273 

6.1488 

5. 7521 

6.1488 

5. 7521 

5.5537 

4.7603 

15.8678 

26.9752 

26. 1818 

25. 1901 

12.4959 

2 ' 

12. 4959 

:j                     I  

12. 0992    ! 

4 • 

11.7025    ' 

5                         

12.0992 
11.7025 
10. 7107 
16.6612 
17.8612 
18.4463 
18.4463 

1       6 ..' 

7 

i: : ■: 

i      9 

1       ^ • ............ 

10 

11 

12 

16.4628 

26.5785 

6.1488 

24. 7934 

17.8512 

13                      

16.4628 
16. 4628 

27.5702 
28.5620 

6.3471 
8.?273 

24.7934 
24.1983 

17.8512 
18.4463 

uV.'.:. 

!     15              

16. 4628 
16.4628 

29.5637 
33.9174 

6.1488 
1*2.0992 

24.7934 
23.8017 

18.4463 
17.8512 

16 

17 

16.4628 
16.4628 
16.4628 
16. 4628 

38.2810 
42.4463 
33.3213 
32.3306 

8.7273 
10.3140 
10. 7107 

7.1405 

22.0165 
21.0248 
'20. 4298 
19.8347 

17.4545 
17.a512 
17.8512 
16. 6612 

IK 

19 - 

20 

12.4562 

21 

12. 4562 

16.4628 

31.3388 

6.1488 

19.8347 

15.4711 

22 

12. 4562 

16.4628 

30.5455 

6.1488 

19.4380 

14.2810 

23 

12.4562 

16.4628 

25.3884 

6.3471 

.     16.6612 

14.2810 

24 

12.4662 

16.4628 

24.7934 

6.3471 

16.2645 

13.8843 

25 

12. 4562 

16. 4628 

21.2231 

6.1488 

16.2645 

12.8926 

26 

12.4562 

16.4628 

9.5207 

3.7686 

15.8678 

12.8926 

27 

12.4562 

16.4628 

8.5289 

3.6702 

14. 6777 

13.0909 

28 

12.4562 

16.4628 

11.7025 

10.7107 

13.8843 

13.8843 

29 

12.4562 

16.4628 

19.6364 

9.1240 

13.8843 

13.8843 

30 

12.4562 

16.4628 

18.4462 

9.1240 

13.0909 

14.2810 

31 

16.4628 

8.7273 

12.8926 



Total 

137.0182 

510.3468 

754.5116 

278.9177 

515.5045 

453.8183 

Ihdy  Iff  uxtter  uitdt-r  thr  (irtfii  Ditch,  1SU9. 


Water  ustnl. 


Month. 


Area.' 


Acre*. 

April ,  586. 25 

May 586. '26 

June 586. 2ft 

July 686.25 

August '  586. 25 

September 586. 25 


Total  irrigation 
Rainfall 


Quantity. 


Acrr-fcct. 
137. 0182 
510.3468 
754.6116 
273.9177 
515. 5045 
463.8183 


Depth. 


Area  per 

cubic 

foot  per 

second  .2 


2,645.1171 


Total  water  received 


Ff-et. 
0. 2:j  . 

Arrrx. 

.87    

1.30    

.47    

.88    

.77    

4.52 
.49    . 

71.97 

5.01    

'  For  the  purpose  of  estimating  the  depth  of  water  u.«<ed,  the  whole  area  in  aMiumed  to  have  been 
irrigated  each  month. 
-  Continuous  flow  for  U'A  days. 

IX)WER   CANAL. 

The  acreage  under  the  Lowcm*  Canal  is  all  l)ottoni  land.     It  is  all  good, 

rich  soil  except  that  which  has  become  swampy  l)y  irrigation  above. 

The  pasture  land  is  w^at*»red  only  once  or  twice  during  the  irrigating 

A.  number  of  small  springs,  caused  hy  seepage  from  higher 

ds,  rise  on  this  land,  and  seiTe  to  slightly  increase  the  cal- 

\  they  were  not  taken  into  account  in  the  water  meas- 

are  717.25  acres  irrigated  from  this  canal.     The 

i 16 
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arrraj^n*  was  f<)ntr<I  up  f<ir  carli  ditrli  and  tin*  (livisicin  made  iipcm  tliat 
))a>i>.  r<M)|)lc  owiiin^^  primary  rights  turned  in  thoiMTea|;c  thoy  thought 
tliov  had.  A  ftrrwards,  whon  survived,  it  was  found  in  8ome  i-a^es  that 
tlh'v  had  not  turned  in  enough.  For  instanro,  the  people  on  the  Upper 
Canal  now  <*laini  that  their  allotment  was  aUmt  100  acreK  short.  In 
the  case  of  the  lV\ir  Ditch,  other  canals  claim  that  the  Htockholdern  in 
the  Bi^  Ditch,  in  order  that  they  mi^ht  re(*eive  a  large  allotment  of 
water  l)v  the  arbitration,  turned  in  all  the  land  thev  had  in  the  district, 
whether  it  had  Immmi  irri^ited  or  not.  In  that  way  mueh  wet  pasture 
land  i>  said  to  have  )H>en  listed,  which  they  did  not  irrigate  before 
and  have  not  since.  A^iin,  it  is  claimed  that  mueh  of  the  land  turned 
in  hv  owners  on  the  IVitr  Dit^'h  was.  and  always  has  been,  irrifrated 
fnmi  sprinjrs. 

The  whole  matter  of  division  of  the  water  s<»ems  to  1k»  in  a  very 
unsatisfactory  condition.  So  nnich  so  that  the  troubles  will  proliably 
culminate  in  a  lawsuit  involving  all  of  the  rights  on  the  creek. 

WATEB  BIGHTS. 

The  records  used  in  makintr  <listri))ution  of  the  water  arethoAe  kept 
by  the  watt'r  masters.  The  water  master  of  each  ditch  keeps  a  I'eeoi'd  of 
all  the  rijrhts  un(h*r  his  ditch,  which  is  jr^.ticnilly  conceded  tol>erorreet 
l)y  the  owners  on  that  particuhir  <litch.  but  not  necessarily  so  by  the 
owners  on  otln'r  ditches. 

The  water  master  on  a  ditch  is  elected  by  the  owners  of  water  rights 
in  the  ditch,  who  hold  a  meeting  annually  for  that  purpose.  The 
county  c(»nunissioners  used  to  ap|M)int  the  water  masters,  but  the  dis> 
trict  court  ruliMl  that  thev  shoid<i  be  elected  annually  by  the  farmers 

tlnMUSt'lvt'S. 

The  ownership  of  water  rii^hts  is  InisihI  mainly  upon  the  records  of 
the  water  masters.  «»at-h  owner  Immiij^  sup|>oM»d  to  have  a  right  to  water 
a  certain  mnnber  of  acres.  A  ritrht  does  not  mean  any  certain  quan- 
tity of  water,  nor  does  it  mean  any  t-ertain  |M)rtionof  the  water  flowing 
in  the  creek.  This  is  owin^''  to  the  manner  in  which  the  water  is 
divi(h»d. 

In  the  sprinjr  when  tin*  creek  rises  the  upjxM'  ditches  are  filled  full, 
and  kept  full  as  lon^r  as  po>sibh\  If  they  do  not  take  too  much  no 
objtM'tion  is  made,  but  if  they  take  so  nnich  that  the  lower  ditches  do 
not  ifet  all  tln'v  want,  then  the  owfmts  of  the  latter  call  for  a  diyi.sion. 
Some  seasons  when  tln»n»  is  a  wet  sj)ring  a  division  of  the  water  is  not 
necessary  until  .lulv  I.  Other  years  when  there  is  a  dry  sprinjj  it  may 
Im'  ne<'e>sarv  to  have  a  division  as  early  as  in  April.  Us(*rsof  surplus 
water  are  irenerally  shut  otfon  >hi\\'  1,  but  it  dei)ends  upon  the  sea.son  — 
that  is,  when  the  water  in  the  creek  jrets  low. 

When  the  division  is  made  the  wat(*r  masters  of  all  the  canals  and 
ditcht's  o\vnin<r  primary  ri<rhts  meet  at  the  lowest  ]K>int  on  the  creek 
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where  water  is  diverted,  and  prcn^eed  upstreaui,  iiieasurintr  the  width 
and  depth  of  water  flowing  at  the  head  of  eiu'h  eanal  its  they  go.  In  this 
way  the  numb<»r  of  "square inches  ■'  flowing  into  eaeh  <*anal  is  obtained. 
These  are  added  together  to  obtain  the  total  nunilHM*  of  '"  sijiiare  in<'hes''' 
diverted.  Then  th(»  water  masters  usually  proceed  downstream,  regu- 
lating the  quantities  of  water  diveiled,  so  that  eiieh  canal  will  have  iti* 
proixM*  numl)er  of  "square  inches,''  according  to  the  shares  allotted  b}' 
the  arbitmtion,  although  this  rule  is  not  always  closely  followed.  This 
regulation  of  the  water  holds  good  until  anoth(»r  division  is  4»alled  for. 
They  realize  that  there  is  nothing  accurate  al>out  this  method  of  meas 
urement,  but  have  alwa^^s  made  it  in  that  way.  The  measurement  was 
usuallv  made  over  a  lK>ard  at  the  head  of  the  canal.  This  vear  it  was 
made  over  Cippoletti  weii*s  (PI.  XLVII).  A  stream  KM)  inches  wide 
and  5  inches  deep  would  l)e  iM)  "inches,-'  according  to  their  method, 
and  a  stream  50  inches  wide  and  10  inches  deep  wouhl  also  l>e  r)(M) 
"  inches.''  No  allowance  is  made  f or  ditf erences  in  vel<K»itv  in  the  vari- 
ous  canals.  The  upper  ditches  take  out  their  full  numln^r  of  "'  inches,'' 
and  the  lower  ditches  take  what  they  can  get. 

The  division  of  the  water  among  the  owners  of  any  ditch  is  made  by 
the  water  master.  A  description  of  the  ownership  and  method  of 
dividing  the  water  on  the  Brown  &  Sanford  Ditch  will  m^i've  as  an 
illustration. 

Ownership  in  the  water  goes  by  shares  or  ''rods,'"  each  rod  repre- 
senting that  length  of  the  main  ditch  built  by  the  flrst  owners.  The 
water  master  kept  tnick  of  the  construction  work,  calculated  the  jutc- 
age  to  which  different  ones  were  entitled  according  to  such  work,  and 
made  out  certificates  for  the  same.  Usuallv  the  farmers  do  not  form 
a  regular  company,  but  simply  club  together  and  furnish  lalK)r  for  the 
construction  of  the  main  ditch.  Water  enters  all  the  main  bninches 
b>'  self -dividing  gates,  the  widths  being  proportioned!  to  the  shares,  no 
attempt  being  made  to  attain  accunu^y.  During  low  water  these 
branches  usually  take  turn  al)out  in  <*arrving  the  full  flow  allowed  to 
the  main  dit<*h,  as  the  water  will  go  much  farther  by  thus  using  a 
large  head. 

For  the  individual  owners  on  each  main  branch  there  is  an  allotment 
to  each  of  the  full  flow  for  a  certiiin  numl)er  of  hours,  In^ginning  at 
the  one  nearest  the  head  and  following  down  in  regular  order.  Usually 
seven  and  one-half  days  or  one  hundred  and  eighty  hours  is  the  ]x»riod 
for  one  rotation,  the  watering  then  beginning  at  the  head  again.  Each 
owner's  gate  is  fixed  so  that  he  can  take  the  full  flow,  and  his  water 
ticket  shows  the  date  and  number  of  hours  he  is  entith*d  to  all  of  the 
water,  so  that  he  can  at  once  divert  it  when  his  time  In^gins,  at  which 
time  the  one  alK)ve  is  to  ceiuse  diverting  it.  Where  there  is  harmony 
among  the  owners,  all  this  is  done  without  need  of  sup(»rintendence  on 
the  part  of  the  wat(»r  master,  his  main  work  lieing  in  making  out  the 
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The  "  rod-"  or  sharps  are  rootne- 
'I'll  .-luHJliT  fiscttoiu.  to  uuit  the 


tii'k<'t>  I'f  liiiii-  for  oiicii  ilistriltiitioii. 
t>iiii->  ilivi<li-<l  into  <|iiiirt<T>.  and  i 
VHri'iii-  lio|tliiitr»' 

Fnuit  whiil  li!t>  >H-cii  !4iid  it  will  \te  noted  tbst  it  would  not  be  ea>7 
t'l  idituiii  It  I'-fnilly  dctint'd  title  to  water  on  thix  xtreaiu.  and  that  it 
wou)<l  )»'  iiii|Hi-^ih|f  III  di'terriiiru-  li<>w  iinu-h  water  any  given  right 
n'pp<*«'!it-. 

STUDIES  OF  DITTT  OF  WATEK  IB  18DO. 

Iiihlriictidii-  \<i  iiii-usiire  tin*  water  diwrted  from  Bi(r  Cottonwood 
Creek  liy  i-uniiU  and  ditelies  wen'  not  reeeived  until  alluut  June  1, 
iH'f.i.  A-i  soon  a-  [Kissihie  then-after.  I'ipiKiletti  trai>ezoidal  weint 
wen-  jHit  ill  the  niimls  iind  ditehes  at  p«>iril«  near  the  heiid(fat««.  and 
the  iiieuKiiri'iiientN  were  iM'tfiin.  It  n-ijiiin-d  i-iuiKiclcruhk-  jM'rsuaMon 
in  Honio  insluneeN  to  olttuin  [H>niii>»ion  to  |mi  in  ilie  weir?*.  Th<>n.*  ha» 
lH>en  more  or  h-ss  frii-tioii  iinion^r  >iie  owners  of  the  vitrioits  cniiiils  and 
ilil4-heN,  and  sonm  of  them  did  not  want  the  w:iti-r  measuntl  at  all. 
The  owners  of  the  Tanner  Diteh  would  not  iiUow  a  weir  to  Ih>  put  in 
where  all  of  tlie  water  thev  diverted  i-oiild  Ik-  uieiisunMl.  Ourint;  part 
of  the  season  they  ran  water  fnim  the  creek  thntuffh  a  small  hraneb. 
turiiiii;;  jt  into  their  dilih  at  ii  jHiint  aiHiul  iin yards  )h>Iow  the  weir. 
At  the  lime  the  weir  was  put  in  owners  of  other  ditehes  Haiti  they 
woutil  shut  off  this  limni-h,  eluiiuiiif;  that  the  Tanner  I)iti.-li  liad  no 
ritfht  tt>  take  water  thrott};li  it:  hut  this  was  not  d<ine  until  tlie  creek 
had  fiilh-ii  to  low-water  stajji'.  The  measm-ements  nmde  in  the  Tanner 
Diteh  an',  then'fore,  of  little  or  no  value.  The  weir  on  the  Karr  & 
llar}>er  Diteh  was  torn  out  liy  the  diti-h  owners  after  t>eintr  in  onlrtnie 
day,  an<t  armn}r<-nient.s  wow  not  eompleted  for  replaeiu^f  it  until  t«rly 
in  July.  Most  of  tlie  water  measured  in  the  Walker  Diteh  who 
merely  run  t)ii'out;h  a  lish  pond,  only  a  .small  )M>rtion  of  it  Itein^f  ii^ied 
for  iiritn'tiii^  piir[H)s«>s. 

The  heads  on  the  weirM  wen-  measured  once  a  day  with  a  hook  gagie. 
I'mlmhly  the  lieads  should  have  iH-en  measured  at  least  twice  a  day. 
as  there  is  )rfni'ra]|y  a  slight  variation  Ix'tween  morning  and  evening 
in  tlie  diseharjre  of  the  creek.  But  as  the  weir  iiieasurenients  were 
made  at  all  hours  of  the  day.  aii<l  not  at  any  particular  time  for  eat.*b 
diti-li,  it  is  lielieved  that  a  fair  avenijro  nf  the  tlow  was  uHlained. 

Ill  order  to  euleuhite  the  duty  of  water  it  has  l>een  ne(*-s.sary  to 
estimate  the  flow  in  the  canals  and  ditches  during!  April.  May,  and  the 
early  |mrt  of  June.  In  doin^r  this  use  lias  been  made  of  t^ngintrs  of 
the  discharge  of  the  creek.  Tliese  }jatri"}rs  were  made  hy  Mr.  F.  C 
Kelsey.  city  enjrineer  of  Salt  Ijike  City,  over  a  fippoletti  weir,  the 
head  >H'in>f  iiieiLtun'd  twice  a  <hiy  with  a  hook  gajre.  The  cxtitiiatca 
of  How  in  canals  and  ditches  during'  that  part  of  the  irri^tin^  seiL^oii 
when  weir  measurements  were  not  taken  have  Ih'cu  thoughtfully  mid 
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carefully  made,  and  it  is  believed  that  they  are  pretty  close  to  the 
truth.  For  reasons  previously  stated,  no  attempt  has  been  made  to 
calculate  the  duty  of  water  under  the  Tanner,  Farr  &  Harper,  or 
Walker  ditches. 

The  irrigating  season  usually  begins  about  April  15  and  ends  about 
September  30.  The  date  when  irrigating  is  l>cgun  varies  with  the 
seasons;  with  a  dry  spring  it  may  begin  as  early  as  April  1,  and  with 
a  wet  spring  it  may  begin  as  late  as  May  1. 

Durinif  the  winter  of  1898-99  there  was  an  unusuallv  heaw  snow 
fall  in  the  mountains  on  the  drainage  area  tributary  to  this  creek. 
For  this  reason  there  was  an  abundance  of  water  for  all  ditches  during 
the  early  part  of  the  irrigating  season,  and  it  is  believed  that  more 
water  was  taken  out  then  than  was  needed,  and  that  the  dutv  of  water 
was  therefore  lower  than  usual. 

The  following  table  shows  the  precipitation  as  recorded  by  the 
Weather  Bureau  at  Salt  Lake  Citv: 

Precipitation  at  Salt  lAike  Citij,  Utah,  October y  1898 y  to  September y  1899. 


Month. 

Rainfall. 

October 

189K. 

Inclwju. 
1.57 

November 

1.95 

December 

1.28 

January . . . 
February . . 

March 

April 

May 

June 

July 

Auf^ust 

September. 

Total 


\rm. 


.84 
2.98 
2.93 

.81 
2.59 

.96 

.42 
1.06 


Above 
normal. 

Below 
normul. 

Incite*. 
0.03 

IncfiCH. 

.59 

0.% 

.60 

1.70 
.90 

1.40 

87 
.17 


M 


.11 
.23 


17. :»  I 


4.60 


2.70 


From  the  above  tabl<»  it  will  be  noted  that  the  precipitation  from 
October,  1898,  to  March,  1899,  inclusive,  was  2,2i)  inches  in  excess  of 
the  normal;  while  during  the  irrigating  season,  from  April  to  Septem- 
ber, 1899,  inclusive,  it  wjis  0.30  inch  below  the  normal. 

In  order  to  make  an  intelligent  comparison  of  the  duty  of  water 
under  the  various  canals  it  is  necessarv  to  know  what  kinds  of  lands 
were  irrigated  in  each  case.  As  a  general  statement  it  may  be  said 
that  bench  land  requires  about  50  per  cent  more  water  than  bottom 
land. 


BUTLER    DITCH. 


The  acreage  irrigated  by  the  Butler  Ditch  is  all  sandy,  gravelly 
bench  land,  requiring  nmch  water.  Th«»  area  irrigated  under  this 
ditch  is  12H.i)  a<*res.  The  following  ta})le  shows  the  daily  use  of  water 
on  lands  under  this  ditch  from  April  15,  when  irrigation  ])egan,  to 


'I'lIK   VSK  or   WATJCB  IN  ISEIOATIUN. 


Scptoi 
Juru-  : 


>i-  :{ti.  whoti  irrigation  closed.    The  flow  from  April  15  to 
vNtiiimti'd.  iLs  prvviously  explained: 


I  irr'uiitthuj  Inttiti  uudrr  thf  BvlUr  DUch,  1899. 

|s.v ilimtnim,  I'l.XItt.iK'l.) 


I  ■' 


■i.v;K 

a.w:«! ! 

■J.W.Vi 


!       M.y, 

Jiin.-. 

July. 

Aoswt. 

It«T>K»I*f 

1  -'^T^', 

n-^ir. 

*Tft, 

-"T^, 

■^TSS 

1.<!«ll 

!S:SH 

i-lTW 

.SU.V1 

3.riTlU 

XTfMI 


/<»/«  .,f ,..,/. ,■  ,,„./,-,■  iiu  ii,>ii. ,■  i>ii>h 


Irn' 

l,r-/,W 

>)W. 

li 

.24 

llliUM'N    ,v    >AM--C)ltli    II1T<-H, 

The  iK-n-utri"  ini<lrr  llif  Bnnvii  it  -SiiifDni  l>it<'h  it*  riowrly  ullxuiidr. 
jinivcllv  Ix'iirli  Isiixt,  ii'iiuinii^.  iiiiii-h  wHtcr.  The  aivn  imgato<1  is 
l.l'i-;."-  lu-Xf.:'.  Tin-  followiiin  tiilili>  mIiown  the  diiily  flow  of  thin  dit**h 
from  AiH-il  i:>  lo  St^ptoiiilxT  :>it.  tin-  ihtIikI  duriii^  whiuh  water  wiw 
iis(hI  in  iri'i<r'>t\fm.    'tVw  Ati\N  U-^^m  \\\v{i  l.'i  to  .lunv  ir>  is  estimated. 
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IVcUer  u»ed  in  irriguliug  latidn  under  the  Brmin  t(*  Sati/ord  IHtchy  1899. 

[8ee  diMgram,  PI.  XII,  p.  74.) 


Day. 

April. 
Acre-feet. 

May. 

June. 

- 

Acre-feet. 
67.3861 
67.3851 
67.8851 
67.3851 
67.3851 
67.8851 
67.8861 
67.3861 
67.8861 
67.3861 
67.3861 
67.3851 
67.3861 
67.8851 
67.3851 
66.6529 
68.0301 
70.4132 
71.4060 
73.6868 
74.3802 
71.4050 
65.6529 
74.3802 
72.1988 
67.4880 
69.6198 
67.4380 
68.8*264 
68.8264 

July. 

Acre-feet. 
69.0*248 
69.0*248 
69.  '2231 
69. '2231 
69.4216 
69. 4215 
69.6198 
69.6198 
65.0578 
66.4463 
64.*2t>45 
70.4132 
66.9339 
69.6198 
48.6950 
6*2.1654 
4*2.4463 
41.0578 
45.0*248 
4'2.44<» 
44.4298 
42.4463 
43.0413 
4*2.446:1 
29.6537 
28,9587 
81.9339 
18.*2479 
17.8512 
17.*25(r2 
17.8.512 

AuKU!<t. 

Acre-feet. 

16.8595 

15.2727 

17.2562 

22.0166 

19.8347 

18.2179 

17.8512 

17.8512 

17.8512 

17.2662 

16.8595 

17.2562 

15.2727 

13.4876 

14.8760 

14.8760 

13. 4876 

1*2.8926 

1*2.8926 

12.4957 

8.5*289 

8.5*289 

10.3140 

10.3140 

8..V289 

8.9-256 

8. 5*289 

12.0992 

6.  .5537 

6.:M71 

8.13*22 

September. 

• 

1 

Acre-feet. 
42.9421 
42.9421 
4*2.9421 
42.9421 
42.94-21 
42.9421 
4*2.9421 
4*2.9421 
4*2.9421 
42.9421 
42.9421 
4*2.94*21 
4*2.9421 
4*2.9421 
4*2.94*21 
4*2.9421 
4*2.9421 
4*2.9421 
4*2.94*21 
4*2.94*21 
4*2.  M21 
42.9421 
42.»4*21 
4*2.9421 
4*2.9421 
4*2. 9421 
42.9421 
42.9421 
4*2.94*21 
4*2.9421 
42.94*21 

Acre-feet. 
8.  .5*289 

•> 

8.9*256 

ii     .    '          

8  9*266 

4 

8.5*289 

5 

6 

7 

8 

9 

10 

8.13*22 
7.7355 
8.13*22 
8. 5*289 
8.  .5*289 
8.1322 

11 

8.9*2.56 

12 

8. 5*289 

13 

8  9'.^i6 

14 

10. 7107 

15 

16 

17 

18 

19 

17.0.179 
17.0579 
17.0579 
17.0579 
17.0579 
17.0579 
17.(ft79 
17.0579 
17.0579 
17.0579 
17.0579 
17.0579 
17.0579 
17.0679 
17.0579 
17.0679 

10. 7107 

10.3140 

9.9174 

8.13*22 

8.  .5*288 

2i> 

21 

•22 

'£.\ 

24 

25 

8.  .5-289 
8. 13*22 
8.13*22 
8.  .5289 
8.13*22 
6.7438 

26 

6.7438 

27 

7. 7355 

28 

8.  i:<22 

29 

8. 5*289 

30 

8.9*256 

31 

Total 

•272.9264 

1.331.*2a>l 

2.060.0297 

l,5.V2.Wi*iO  i 

1*20.4952 

*257. 0571 

Ihttij  of  initer  under  Broini  tt*  Stinfur*l  I>it('h,  IS'.m. 


Month. 


Water  u«<ed. 


An*H.' 


.\rea  per 
cubic 


giiantlty.  :  Depth.    i^JiJ*'/, 


Acri*.  Acre-ffti. 

April 1.108.5  27*2.9*2W 

May :  I.IOS.5  1,3:tl.'2l»51 

June 1,108.5  ,  -2,060.0297 

July I  1. 108.5  l,55*2.06«i0 

AugUHt •  1, 108. 5  4-20. 4952 

September '  1, 108. 5  2.57.  ft571 


0.25 
1.20 
1.86 
1.40 
.:W 
.'23 


i«econ<l.* 
Acrfif. 


ToUl  irrijrHti<»n ; 5.893.7795 


Rainfall. 

Total  water  reeeive<l. 


6.32 
.49 


(W.Ol 


5.M 


'  For  the  purpose  <»f  estimating  depth  of  water  usimI,  the  whole  an^a  i«  HMKumiNl  to  liave  been  irri- 
Kate<i  each  month. 
*  Continuous  flow  for  169  days. 


UPPER   <'ANAL. 


lender  the  Upper  Canal  alwut  30()  acres  is  sandy,  gravelly  bench  land, 
alK)ut  1,200  acres  is  clayey  bench  land,  not  requiring  quite  so  much 
water  as  the  gmvelly  IwMich  land,  and  about  J)0  acres  is  bottom  land, 
requiring  still  less  water  than  the  clayey  iKMich  land.  The  total  area 
is  1,690.5  a<!res.  The  following  table  shows  the  daily  use  of  water  on 
thene  lands.    The  fl<)w  of  the  canal  from  April  20  to  June  3  is  e.stimat/e<l. 


TIIK   rsK  OF    WATEB  IN  IBBIOATIOX. 

(/- 1-  HM-'I  ill  irriijatiiig  Innih  vniler  Iht  ff/per  Omal,  1899. 
[S<->'illiM(nm,n  X,  |^I4.] 
Ajiril.  Sluy.  Juii>..  July,      |    AaniKt. 


.Irrr.ff^. 

«.niii;j 

■M.  77W  19.0*7 

».  11719  lILftta) 

ail.77<i9  Itt-MW 

■X.nt»-  1».23«7 

•H.aX!  1U.'ZM7 

XI.NU1T  IH.MMI 

a-i.MiiT  K.-nm 

XL 314*  '  H.-OK 

H.wiT  ii.Kiau 

u.wiT  I  iT.iara 

3t.3M:7  !  IH.:HT9 

U.WIT  17.(»S9 

2t.Wll7  I  IH.247* 


lMfin(  iiiil.r  iiii-l.rthr  I'/i/irf  t'nnnl.  ISH!i 


x,.S^i 

i::!;is 

vst.'iVM 

MW.KIUI 

VNI.T  IMsi 

_  l-^"-!' 

K"-!.!!!.     ™.  IJ'. 


a,iis.M;iii,  i.»w  . 

it,i-iri.i»UT  ,  i.tM  . 

■i,T1ll.:tl«l  I, TO    . 

inil.34MI  .M  ,. 

.IVH.HDI  .an    . 


ICailirnll 

T.'lnluuliTrtiilvi- 


>H-d  liihiivi-  bMi 


liltKKN   iinx'ii. 

Tli<>  lu-rot^rr  muliT  tlio  (ii-ccii  t>il<-li  is  III]  iKfttnin  liiiid.  AUtiit  300 
lu-n-s  of  it  is  iri-jivii||y  land,  ri'iiiiiriiijf  iiiuoh  water;  the  iviiiiiindtir  i* 
rirli.  Idiiinv  '.1)11,  i-i'(iiiiriii;r  los  wntcr.  Tlii'  total  ai-ca  irrijuited  under 
tliixlitrli  is  ."iS(;.:>;,  iicri'M.  Tlif  diuly  iisi- of  wutt^r  fmiii  thiH  ditch  is 
shown  hy  thi'  follinviiitr  t«UU',  Tliu  How  from  April  So  to  June  4  itt 
e«timuti-.l. 
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Water  u»ed  iti  irrigating  lands  mtder  the  Grem  Ditch ^  1899. 

[8ee  dlttgram,  PI.  XIV,  p.  74.J 


1. 
•> 

*•  * 

3. 

4. 

5. 

6. 

7. 

H. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
•23. 
24. 
25. 
26. 
27. 
28. 
•29. 
30. 
31. 


Day. 


April. 


Acrc-fe<i. 


May. 


12. 4562 
12, 4562 
12. 4562 
12. 4562 
12.4662 
12.4562 
12.4562 
12. 4562 
12.4562 
12. 4562 
12.4562 


Acre-frft. 
16. 4628 
16. 46'28 
16. 4628 
16. 4628 
16. 4628 
16. 4628 
16. 4628 
16.4628 
16.4628 
16.4628 
16.4628 
16. 46*28 
16. 4628 
16. 4628 
16. 4628 
16.4628 
16.4628 
16.4628 
16. 4628 
16. 4628 
16.4628 
16.4628 
16. 4628 
16.4628 
16.4628 
16.4628 
16.4628 
16.4628 
16.4628 
16.4628 
16.4628 


Total 


187.0182 


510. 3468 


June. 


Aare-Jert. 
19.8347 
19.8347 
19.8347 
19.8347 
24.1983 
23.0083 
21.6196 
22.6116 
23.6033 
24.5950 
25.5868 
26. 5785 
27. 5702 
28.5620 
29.5537 
83.9174 
38.2810 
42.4463 
33.3213 
82.3306 
31.3388 
30.5456 
25.3884 
24.7934 
21.2231 
9.5-207 
8.5289 
11.7025 
19.6364 
18.4462 


754.6116 


July 


Acre-feet. 

17.0579 

15.8678 

14.4798 

13.2893 

11.9008 

10.5124 

9. 1*240 

6.3471 

9. 5207 

9.5*207 

3.7686 

6.1488 

6.3471 

8.7273 

6.1488 

12. 0992 

8.7273 

10.3140 

10.7107 

7.1405 

6.1488 

6.1488 

6,3471 

6.»171 

6.1488 

3.7686 

3.6702 

10. 7107 

9.1240 

9.1240 

8.7273 


August.     SeptomlxT. 


Acre-fed. 

8. 7*273 

6.1488 

5. 7521 

6.1488 

5. 7521 

5.5537 

4.7603 

15.8678 

26. 9752 

•26. 1818 

25.1901 

'24.7934 

24.7984 

24.1983 

24.7934 

23.8017 

22.0165 

21.0248 

•20. 4*298 

19.8347 

19.8347 

19.4380 

16.6612 

16.2645 

16.2645 

15.8678 

14.6777 

13.8843 

13.8843 

13.0909 

12.8926 


Acre- feet. 
12.4959 
1*2.4959 
12.0992 
11.7025 
12.0992 
11.7025 
10. 7107 
16.6612 
17.8512 
18.4463 
18.4463 
17.8512 
17.8512 
18.4463 
18,4463 
17.8612 
17.4546 
17.8512 
17.8512 
16.6612 
15.4711 
14.2810 
14.2810 
13.8843 
12.8926 
12.8926 
13.0909 
18.8843 
13.8843 
14.2810 


•273.9177  ,      515.5045       453.8183 


IhUy  of  iiHiter  under  the  (irern  Dltrh^  1S90. 


Month. 


Art'H.' 


Acrat. 

April 586. 25 

May 586.25 

June 586.25 

July ;  586. 25 

August '  586.  *25 

September <  .586. 25 


Water  uhihI. 

j     cub 

Dpnth     ^«otper 
i-»epin. ,  ^^^nA  2 


Quantity. 


Acre-feet. 
137.0182 
510. 3468 
754.5116 
273.9177 
515.5045 
453.8183 


!  Area  per 
ic 


Total  irrigation I  2, 645. 1171 

Rainfall ' 


Tf  »ta  1  water  rcce  I  ved . 


second  .2 


Feet.  Acretf. 

0.*23    

.87    

I. 'SO    

.47    

.8^   

.77    

4.52  71.97 

.49    

5.01    


'  For  the  purpose  of  e.stimatiiiK  the  depth  of  water  u.^ed,  the  whole  area  i»  assumed  to  have  been 
irrigated  each  month. 
2  Continuous  flow  for  ir>4  days. 

LOWER   CANAL. 

The  acreage  under  the  Lower  Canal  Is  all  l)otto!n  land.  It  is  all  good, 
rieh  soil  except  that  which  has  l)ecoiiie  swampy  })V  iiTigation  above. 
The  pasture  land  is  wat<M*<Ml  only  oiu^e  or  twice  during  the  irrigating 
season.  A  number  of  small  springs,  caused  by  seej^age  from  higher 
irrigated  lauds,  rise  on  this  land,  and  nerve  to  slightly  increase  the  c*al- 
culated  duty,  as  they  were  not  taken  into  account  in  the  water  meas- 
urements. There  are  71"  HI  from  this  t*anal.  The 
3808— No.  89— 
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i 

9 

a 

I 


I       •■m 


I' 


a,  I 


*   l> 


M? 


lit 


2Uh 


THK    I'SE  OF   WATEB   IV   DUUOATEOV. 


foll«»wiii^  tablf  -how-,  the  flow  of  the  imiwl  from  April  ^  to 

'^K  \«lii'ii  irri^nition  <-loi$e<l.    The  flow  from  April  25  to  Jane  19 

<'^tiiiiut«*<i: 

W'nUr  nj^d  it,  irri^iny  lawh  under  tkt  I^mt^t  Canai,  JllSf9. 

;s««><liaffrmiD.PI.  XI. p. 74.] 


\»H\ 


A|«n; 


.1 /■.»-/>'/. 


•I 

10. 

II 

rj. 
i;;. 
II. 
i.'i. 
I*;, 
i: 

Ih 

Vj 

JfK 
IM. 

•►I 

*^  • 

■J  I 

■J7 


i:t.  :w.Hy 


May 


16.3*45 
]6.?64.'i 
16. 2f4:> 

lt'>.  'iM-'i 

16.2l4-'> 
16.  'jr4.'> 
16.  JtAr, 

I6.'jf.i:. 

l»i.-2iV|.'i 

16.-J»;t.'i 

III.  jt;t.'i 

16.  -ii»l.'i 

If..  Jt4:i 
16. -.t;!.'! 

16.  •JiVI.'i 

16.  ji;!.-! 
16.ji;ri 
16.  '^;ri 
16.  J*;!.*! 

16.  JlVI.') 

I6.'jf;i.'> 

16.'^'r|.'> 

I6.ain.-. 
I6.'.t»i:> 

16.  it;}.'* 
i6.'iii^ri 

16. '^f^:, 


Junt*. 


AcTf-Jtft. 
'il.ViSC! 
21.»A2 
21.  WU 
21.9NS2 
21.W5e2 
21.9H5e2 
'il.tttfitf 
21.  WU 
21.9K9(2 
2I.9KV; 

•JI.'JhW 
21.  ^VJ 

21.  ••^.'i;* 

2I.'JKi2 
21.  ^VJ 
21.1KVJ 
21.yKVJ 

2i.yKV.' 

22.Ult'>.'> 
20.  42»» 
21).  t-JUN 

2.'*.  riNiih 
2:i.»«U7 
2».  4J*»» 
19.  Ktl7 

IK.  W^\ 

17.  |.'M.'» 
16.  K.'ViK) 


'(••till 


7y.  y7:u 


.'iiM.  1  W»         fti?.  HM'J 


Jnlr. 


ICSH» 
I.VM67B 
I-S.2RT 
14.6777 

i4.ons 
».4ns 

12.^806 
13.6M0 
12.H»S 
12.  49?i(» 
fi.7.V.»l  ' 

6.14)««  i 
14.  I7»  I 

I2.4yfi9 ; 

12. 4969  > 
ll.47f» 
12. 4yfi(9 
i:i.HK|3 
12.  ViSHi 
12.  NtUt'i 
1I.47W 
12.(K»2 

VI.  vm 

I2.U992 
12.0992 
i:(.HKI3 
12. 4Uft9 
19.6:iM 
19.  KM? 
20.M2M 

ir».47n 

421.6615 


K.2M5 

>.-t2B7 

l&.6aM 

6.3471 

UtaoM 

6.140; 

1H.446S 

S.57W 

ice6i2 

S.57BS 

i«.a»45 

3.3719 

1K.44G3 

4. 7608 

|.Va744 

S.57D2 

11.90W 

3.3719 

10.3110 

3.  .»702 

•..■WO? 

».  won 

•..•iaic  , 

:i.3n9 

10.314U  : 

2.5C.S2 

9.S2U7  . 

4..V;2D 

6.»471 

4.?i»au 

6.I4M7 

a.iTna 

ft.  3471 

3,  .^TO-J 

9..iar7 

3.  .S702 

9. 121(1  ■ 

3.ir.» 

h.727:i 

2.97.T(2 

7.  M72 

4.7(j(Ei 

4-.'i6ii» 

fi..Vfc17 

6. 1 IH7 

3.ri7n2 

4..vrjii 

4.7Htt{ 

4.  .Vi2U 

6.9421 

K  .V2W 

:jin.2Hy2 

M.  Tirjl 

Ihitii  nf  iititrr  tiiitirr  th*-  hmrr  Cnunl^  ISttU. 


MoiKli  .\n-H.i 


Am  If, 

Ajirll 717.  "i} 

May '  71 7. 2.'» 

.lull*' '  7I7.2.'>  . 

.Ful\ !  717.2'»  ■ 

All^ru^t 

SrpU'lillM-r 


\V«UT  llMll. 


.Inn  per 

c-lllil«- 


'     -;- 


717.  i'l 
717. 2'>  ■ 


Afrt-ftfi. 

fiCU.l  •»!».'> 
6;<7.>«I2 
4-J4.66iri 

a»i.'j>«w 
KJ.  7»r2i 


Tf »tiil  IrriKHtioti 2.(C{1. 709<J 

KilMlfilll 


'I'utjil  \\nl«r  rm-iviHl, 


/-Vrf. 
0.11 

1 

Afrr*. 

.70 

.W 

.42 
.12 



'2.K\ 
.19 

104.43 

:i.  :r» 

'  h'lir  thf  pur|MtH«>  iif  otiiiiatiiii;  tlic  ilopth  nf  wnliT  umhI,  ti>i>  whole  nn*fi  ih  H*cmin(H}  tn  Iihvv  Imh-d 
irriuntnl  «'iicli  iti<iiit)i. 
-roiitiiuiiiiiN  flow  for  ll*.Mlay>. 

ma  i)TT<"ii. 

The  114'ivajro  mi<l4»r  tin*  Hijr  Hitch  is  all  )K>ttoni  land  oxcoptalK)iit  250 
acrt's  <»f  sandy  IkmicIi  lan<l  iM^ar  the  fFordan  Uiver.  It  is  all  ^ji'ood,  rich 
soil  <'x<>('|)t  th(*  pastuiv,  which  is  wet  land,  requiring  only  4me  or  two 
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waterings  during  the  irrigating  season.  A  number  of  springs  also 
rise  on  this  land  and  sei've  to  slightly  increase  the  calculated  duty,  as 
in  the  case  of  the  Lower  Canal.  The  total  area  irrigated  from  this 
ditch  is  2,248.13  acres. 

The  daily  flow  of  the  Big  Ditch  is  given  in  the  following  table. 
The  flow  from  April  25  to  June  6  is  estimated: 

Water  used  in  irrigating  landi^  under  the  Big  Ditchj  1809. 

[See  diuKnim,  V\.  XV,  i».  74.] 


lUiy. 


1. 

:T. 

4. 

5. 

6. 

/ . 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
l'>. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
'23! 


April. 


Acre-JeH. 


May 


•25 

46. 4807 

•2Ci 

45. 4807 

27 

45. 4807 

28 

45. 4807 

29 

46. 4807 

:U) 

45. 4807 

31 :.::::::...:.::.;.. 1 

Acre-feet. 
63.2662 
63.2662 
63.2662 
63.2662 
63.2662 
68.2662 
63. 2562 
63.2662 
63.2662 
63.2862 
63.2662 
63. 2562 
63. 2562 
53.2562 
63. 2662 
63. 2562 
63.2562 
53. 2662 
53. 2562 
63.2562 
63. '2662 
53. 2562 
53. 2562 
53.2662 
63. 2562 
63.2562 
63.2562 
63. 2562 
63.2562 
63. 2562 
58.2562 


June. 


July. 


Acre-fe^t. 
65.5372 
66.63T2 
65.6372 
66.5372 
65.5372 
45.6198 
64.5466 
68.6694 
72.5950 
81.5207 
80.7273 
79.9339 
79.1405 
78.3471 
77. 3554 
76.5620 
76.7686 
74  9752 
74. 1818 
75.9669 
75.9669 
70.8099 
«!.  8512 
77. 7621 
78.5466 
78.6466 
79.3388 
67.4380 
67.4380 
66.6446 


Acre-/€€t. 
66.8612 
66.0678 
64.2646 
63.4711 
62.6777 
62.0826 
61.6869 
69.3058 
78.5465 
60.0992 
60. 7769 
66.3388 
65.3388 
54.7438 
76.7603 
88.2646 
68.2314 
60.0992 
61.6702 
60. 7769 
62.3636 
43.4380 
44.2314 
43.4380 
26.7769 
31.1406 
81. 1405 
64.7438 
52.3686 
51.6702 
86.4959 


ToUil 


272.8842 


1.650.9422 


2,096.9256  i  1,722.6445 


August.     September. 


Acre-feet. 
40.6612 
89.8678 
37.8848 
62.3636 
51. 6702 
50.7769 
60.7769 
40.8596 
81.1406 
30.5455 
23.8017 
24.9917 
27.3719 
26. 7769 
24.3967 
21.6198 
21.0248 
27.3719 
26.7769 
24.3967 
21.6198 
13.6859 
13.6859 
13.6859 
19.2397 
14.0826 
13.6859 
14.0826 
19.2397 
18.8430 
24.3967 


Acre-fed. 
23. 8017 
23.2066 
18.8480 
18.2479 
17.6529 
16.0661 
14.0826 
14.0826 
16.0661 
15.6694 
16.0661 
15.6694 
14.0826 
15.6694 
16.0661 
15.0744 
14.0826 
16.0661 
15.669i 
15.66&1 


861.2231 


331.8344 


ThiUj  of  vater  under  the  Big  Ditch y  1899. 


Month. 


April 

May 

June 

July 

Aufni»t — 

September 


Rainfall 


Total  water  recoive<l 


Total  irriifation '  6, 936. 4540 


Area.' 


Acres. 
2,248.13 
2,243.13 
2,243.13 
2.243.13 
2,243.13 
2,243.13 


Water  used. 

cub 
yuantlty.     Depth,  i  ^PJf, 


Area  per 
ic 


Acre-feet. 

272.8842 

1,650.9422 

2,096.9256 

1,722.6445 

861.2231 

331.8344 


Feet. 
0.12 

AcrcB. 

.74 

.93 



.77 

.38 

.15 

**■*■***"' 

3.09 
.49 

95.64 



3.58 

J  For  the  purpowe  of  estimating  the  depth  of  water  u.He<l  the  whole  area  '\h  a.sNumed  to  have  been 
irriiKHted  each  month. 
*  Continuous  flow  for  149  <lays. 
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where  water  is  diverted,  and  proceed  up^treHiiu  iiiea.surin«r  tlie  widtli 
and  depth  of  water  flowing  at  the  head  of  eaeh  eanal  as  they  go.  In  this 
way  the  numl)er  of  "square inches  "  flowing  into  eaeh  eanal  is  ohtained. 
These  are  added  together  to  obtain  the  total  ninnlnM"  of  "square  inches'' 
diverted.  Then  the  water  masters  usually  ])r(H'eed  downstream,  regu- 
lating th<»  <iuantities  of  water  divertt»d,  so  that  each  canal  will  have  its 
prop<M-  nunilMT  of  "square  inches/'  according  to  the  shares  allotted  hy 
the  arbitration,  although  this  rule  is  not  always  closely  followed.  This 
regulation  of  the  water  holds  good  until  another  division  is  called  for. 
They  realize  that  there  is  nothing  ace  unite  about  this  method  of  meas 
urement,  but  have  always  made  it  in  that  way.  The  measurement  was 
usuallv  made  over  a  board  at  the  head  of  the  canal.  This  vear  it  was 
made  over  Cippoletti  weirs  (PI.  XIjVII).  A  stream  KM)  inches  wide 
and  5  inches  deep  would  l)e  500  '' inches/'  according  to  their  method, 
and  a  stream  50  inches  wide  and  10  inches  deep  would  also  \h>  5(K> 
''  inches."  No  allowance  is  made  for  difi'erences  in  velocitv  in  the  vari- 
ourt  canals.  The  upper  ditches  take  out  their  full  number  of  "  inches/' 
and  the  lower  ditches  take  what  they  can  g^^t 

The  division  of  the  water  among  the  owners  of  any  ditch  is  made  by 
the  water  master.  A  description  of  the  owneiNhip  and  method  of 
dividing  the  water  on  the  Brown  &  Sanford  Ditch  will  aei'vo  as  an 
illustration. 

Ownership  in  the  water  goes  by  shares  or  '*rods/'  each  rod  repre- 
senting that  length  of  the  main  ditch  })uilt  by  the  flrst  owners.  The 
water  master  kept  track  of  the  construction  work,  calculated  the  acre- 
age to  which  different  ones  were  entitled  according  to  such  work,  and 
made  out  certificates  for  the  same.  Usuallv  the  farmers  do  not  form 
a  regular  compan}',  but  simply  club  together  and  furnish  lalnir  for  the 
construction  of  the  main  ditch.  Water  ent(»rs  all  the  main  branches 
by  self-dividing  gates,  the  widths  })eing  proportioned  to  the  shares,  no 
attempt  being  made  to  attain  accuracy.  During  low  water  these 
branches  usually  take  turn  alK)ut  in  carrying  the  full  flow  allowed  to 
the  main  ditch,  as  the  waU^r  will  go  nuich  farther  by  thus  using  a 
large  head. 

For  the  individual  owners  on  each  main  branch  there  is  an  allotment 
to  each  of  the  full  flow  for  a  certain  numlK»r  of  hours,  beginning  at 
the  one  nearest  the  head  and  following  down  in  regular  order.  Tsually 
seven  and  one-half  days  or  one  hundred  and  eighty  hours  is  the  ]>eriod 
for  on(»  rotation,  the  watering  then  beginning  at  the  head  again.  Each 
owner's  gate  is  fixed  so  that  he  can  take  the  full  flow,  and  his  water 
ticket  shows  the  date  and  numb<»r  of  hours  he  is  entitled  to  all  of  the 
water,  so  that  he  can  at  once  divert  it  when  his  time  begins,  at  which 
time  the  one  a}K)ve  is  to  cease  diverting  it.  Where  there  is  harmony 
among  the  owners,  all  this  is  done  without  need  of  superintendence  on 
the  part  of  the  wat4»r  master,  his  main  work  l>eing  in  making  out  the 
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tirk<*ts  of  tinir  for  such  distribution.  The  *' rods''  or  »hare8  are  Home- 
tinu's  divided  into  quiirt4M*H«  and  oven  smaller  fractions,  to  Huit  the 
various  holdings. 

From  what  has  Inmmi  said  it  will  l>c  notod  that  it  would  not  be  ea8T 
to  obtain  a  h'^illy  defined  title  to  water  on  this  ntream,  and  that  it 
would  In*  ini{K)ssibIe  to  determine  how  much  water  any  given  right 
represents. 

STX7DIES  OF  DITTY  OF  WATEB  IK  1800. 

Instructions  to  measure  the  water  div«»rt*Hl  from  Biff  Cottonwood 
CVeek  bv  <'anaN  and  ditches  were  not  re^-eivod  until  alx>iit  June  1, 
\HU\K  As  soon  as  possible  th<T4»aftt»r,  Cippoletti  trapezoidal  weir» 
W4Te  put  in  the  canals  and  ditches  at  iK)ints  near  the  headgates,  and 

r  the  measurements  were  lM»jrun.     It  nM|uin»d  considemble  persuasion 

in  some  instances  to  obtain  jHM-mission  to  put  in  the  weirs.      Tlioiv  has 
beiMi  mon»  or  less  friction  amon^  the  owners  of  the  various  (*anuls  and 
,  dit^'hes,  and  some  of  them  did   not  want  the  water  measunMl  at  all. 

The  owners  of  the  Tanner  Ditch  would  not  allow  a  weir  to  be  put  in 
wliere  all  of  the  water  they  divcrtt»(l  could  Ih»  measured.  During  part 
of  the  season  they  ran  water  from  the  creek  through  a  small  branch, 
turning  it  into  their  ditch  at  a  }K)int  about  50  yaixls  Ix^low  the  weir. 

\  At  the  time  the  weir  was  put  in  owners  of  other  ditches  said  they 

v.'ould  shut  off  tliis  limnclu  claiming  that  the  Tanner  Diti-h  had  no 
right  to  take  water  through  it:  but  this  was  not  done  until  the  creek 
liad  fallen  to  low-water  stage.  The  measurements  made  in  the  Tanner 
Ditih  are,  th(»refore,  of  little  or  no  value.    The  weir  (m  tln»  Farr  & 

|i  lIar|X'r  Ditch  was  torn  out  by  the  ditch  ownei*s  after  InMUg  in  only  one 

m  day,  and  arningements  were  not  4*ompleted  for  replacing  it  until  early 

in  •lulv.  Most  4)f  the  water  measured  in  th<»  Walker  Ditrh  was 
UK'rely  run  through  a  lish  pond,  only  a  small  {wrtion  of  it  being  used 

Ul  for  irrigating  pur|M)ses. 

gJL  The  heads  on  the  weirs  wc^v  measured  once  a  <biy  with  a  hook  gage. 

Probably  the  heads  should  have  been  measured  at  least  twice  u  day, 
as  there  is  generally  a  slight  variation  between  morning  and  evening 
in  the  discharge  of  the  creek.  Hut  as  the  weir  measurements  were 
made  at  all  hours  of  the  day,  and  not  at  any  particular  time  for  each 
ditch,  it  is  believed  that  a  fair  average  of  the  flow  wjis  obtained. 

In  order  to  calculate  the  dutv  of  water  it  has  been  nec4»ssarv  to 
estimate  tlu*  How  in  the  canals  and  ditches  during  A])ril,  May,  and  the 
early  imrt  of  •hine.  In  doing  this  use  has  been  made  of  gagings  of 
the  discharge  of  the  creek.  These  gjigings  were  made  by  Mr.  F.  C. 
Kelsey,  city  engineer  of  Salt  lijike  City,  over  a  Cipfwletti  \\im\  the 
head  In'ing  meitsured  twice  a  (hiy  with  a  hook  gage.  The  estimates 
of  flow  in  canals  and  ditches  during  that  part  of  the  irrigating  sea**on 
wh(»n  weir  measurements  wen*  not  taken  have  be(»n  thoughtfully  and 
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earefulh'  made,  and  it  is  believed  tbat  they  are  pretty  close  to  the 
truth.  For  reasons  previously  stated,  no  attempt  ha-s  l)eeii  made  to 
calculate  the  duty  of  water  under  the  Tanner,  Farr  &  Harper,  or 
Walk(»r  ditches. 

The  irrigating  season  usually  begins  about  April  15  and  ends  about 
September  30.  The  date  when  irrigating  is  begun  varies  with  the 
seasons;  with  a  dry  spring  it  ma}"  begin  as  early  as  April  1,  and  with 
a  wet  spring  it  may  begin  as  late  as  May  1. 

During  the  winter  of  1898-99  there  was  an  unusually  heavy  snow 
fall  in  the  mountains  on  the  drainage  area  tributary  to  this  creek. 
For  this  reason  there  was  an  abundance  of  water  for  all  ditches  during 
the  early  part  of  the  in-igating  season,  and  it  is  believed  that  more 
water  was  taken  out  then  than  was  needed,  and  that  the  dutv  of  water 
was  therefore  lower  than  usual. 

The  following  table  shows  the  precipitation  as  recorded  by  the 
Weather  Bureau  at  Salt  Lake  Citv: 

Precipitation  at  ,SaU  Lake  Citij,  Itah,  October,  1898,  to  SefAember,  1809. 


Montli. 


CK'tobor 

November , 
December 


1898. 


Jantiar>' . . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 


1p99. 


Kainfall. 

Above 
normal. 

Inche». 

o.o;j 

.59 

Below 
normal. 

Inches. 
1.57 

InchcH. 

1.95 
1.2H 

6.:i6 

.84 

.(iO 

•2.98 

•2.93 

.81 

1.70 
.90 

i.46 

2.59 

.87 
.17 

.96 

.42 

.11 

1.06 

.:i4 

.23 

Total  ., 


17.39 


4.60 


•2.70 


From  the  alK)ve  table  it  will  be  noted  that  the  precipitation  from 
October,  1898,  to  March,  1899,  inclusive,  was  2.20  inches  in  excess  of 
the  normal;  while  during  the  irrigating  season,  from  April  to  Septem- 
ber. 1899,  inclusive,  it  was  0.30  inch  below  the  normal. 

In  order  to  make  an  intelligent  comparison  of  the  duty  of  water 
under  the  various  canals  it  is  necessarv  to  know  what  kinds  of  lands 
were  irrigated  in  each  case.  As  a  general  statement  it  may  be  said 
that  bench  land  requires  about  50  per  cent  more  water  than  bottom 
land. 


nUTLEH    DITCH. 


The  acreage  irrigated  ))y  the  Butlei*  Ditch  is  all  sandy,  gravelly 
bench  land,  requiring  much  water.  The  area  irrigated  under  this 
ditch  is  128. r>  acres.  The  following  table  shows  the  daily  iLse  of  water 
on  lands  under  this  (lit<'h  from  April  15,  when  irrigation  began,  to 
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ami  till'  liitcliPN  wero  supjxMcd  to  have  certain  bottoQi  widths.  Ab  a 
iiiiittt'i-  of  fiu't,  howi'vcf,  the  i-nwH  uection  and  grade  of  any  given 
tlitcli  varii's  iM'twi'cii  rather  wide  lituittt,  a»  may  readily  be  imagined 
frmn  tlir  inctliodM  of  coiiittructiun. 

HI8T0BT  OF  ABBUKATIOK. 

On  S<>|>ti'ml>pr  IH.  lK7i»,  the  diMtrict  court  of  the  Territory  of  Utali 
iil)iH>iiiti-d  .Idsi'pli  S.  Itiiwlins.  Ueii>H-n  MiUi>r,  and  IX  It.  Brinton, 
after  th(\v  hiid  previously  iM-en  i-hown  hy  th«i  water  owner**  of  B^ 
Cotton wtHxl  Cnvk.  ti  iHHii'd  of  urbitratotH  to  adjuHt  all  claini.-^  to  tfae 
water  of  Muid  ereek  and  report  itH  findings  to  said  diMtrii-t  court.  Thiu 
iKxtril.  for  eonvenietiee.  divided  the  ureek  into  (H)  partti.  One  part 
would  entitle  its  owner  to  irri^te  127.:^.')  iwiva  during  time  of  low 
water,  h^ieli  ]Ktrt.  or  share,  was  taken  to  ineiui  one-sixtiotb  of  the 
watora  flowing;  in  the  ererk  at  the  hi};hest  ]>(iiiil  thereon  whcn^watcr 
is  diverted  )>y  any  of  tlie  eininlH  or  ililehes  inentionetl  in  Muid  agree. 
ment  f<n-  arliidiillon.  ( )nly  thos*-  holding  primary  rigbtH  vrvn:  allotted 
shares  during  low-wnter  season.  The  im&rd  elaSHiticd  the  different 
eaiiuls  aii<i  ditches,  and  |K»rts,  or  slian's.  were  allotted  as  followf*: 

/»;,■,>,„»  ■./ih,'  i'-oUt  ,,/n:.)  luiumroMl  Vtfk. 

I       NuiiitHTor  iiartii. 


A  fornml  printed  ii-port  shoivin^r  tlie  results  <if  the  action  of  the 
iKHtrd  of  arliitnition  was  made  In  the  district  court,  an<l  was  pro|M>r]v 
filed.  Vau\\  owner  of  a  prinniry  rijjht  in  the  stream  was  served  with 
a  written  or  printiil  notice  of  lljc  ;trl>itration.  iiiul  a  time  was  set  by 
the  couit  for  hearing olijecti<ins  to  said  arliitrution.  No  one  appeared 
or  objecte<i.  iind  the  judgun-tit  of  tlic  court  was  rendered  in  accord 
anee  with  the  terms  of  th<'  aHiilration. 

Nearly  all  of  the  owners  of  primary  water  rights  appeare<l  l>eforc 
thelKHtnlof  iirliitratorsani)  signed,  under  oath,  an  agivenient  toai'irpt 
the  division  ma<li-  )>v  the  Itoiird  as  liinding  and  tinal.  Thi.«  ugix'ement 
was  ])rnperly  liled  witli  the  district  <'ourt.  bul  has  since  disappeared 
and  can.  not  now  he  found.  Tlierc  were  a  few  who  did  not  sign  this 
agi'i-enn'nl.  not:ilily  the  Walker  Brotln'rs  and  ti  few  owners  on  the 
(ireen  Ditch.     Others  now  diiiiu  that  they  did  not  sign  the  agn>emeut. 


I 


li 
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Iliiiiif'ill 'lull  rniifftliifii' <il  liagaH,  I'liih,  III99. 


Kalii, 

Im*. 

Kratm- 

/■rk. 

0.08 

1  a62 

":* 

-     -«  1 

; 

1.« 

.10 

.W 

0,« 

..« 

,..-. 

i      l.TH 

.-- 

■J.™ 

1  ■i.a 

■  i.«2 

1  -■■* 

.m 

<r 

,::^..[ 

.«!     I    T.tVi 
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By  referring  to  the  table  on  page  214,  it  will  be  seen  that  1,360  acres 
was  irrigated  less  than  three  times,  and  that  1,528  acres  was  irrigated 
three  or  more  times.  The  averiage  number  of  irrigations  was  slightly 
more  than  three,  and  the  average  depth  supplied  at  each  irrigation 
1.2  feet. 

The  demand  for  water  was  greatest  during  June  and  July.  This 
was  due  to  the  fact  that  l)oth  alfalfa  and  wheat  are  irrigated  during 
these  months.  The  need  in  Jul}'  was  greater  than  in  June,  while  the 
demand  in  August  and  September  was  largely  owing  to  the  irrigation 
of  alfalfa.  During  the  latter  part  of  September  nmch  water  ran  to 
waste;  hence  the  requirements  for  that  month  were  less  than  the  vol- 
ume measured.  An  average  flow  of  44.37  cubic  feet  per  second  dur- 
ing the  four  principal  irrigation  months  irrigated  2,894  acres,  or  a 
duty  of  ()5.22  acres  for  each  cubic  foot  per  second. 

This  result  includes  losses  from  seepage  and  evaporation  in  the 
canal. 

Alfalfa  and  wheat  are  grown  on  nearly  three-fourths  of  the  area 
irrigated;  hence  the  result  applies  especially  to  those  two  crops.  The 
lands  irrigated  were  of  nearly  every  quality  except  alkali  lands;  there- 
fore the  result  obtained  represents  a  fair  average  for  the  lands  in  this 
vicinitv. 

-DUTY  OF    WATER  ON   THE   CRONQUIST   FARM. 

The  measurements  of  the  water  flowing  through  the  main  canal 
gave  a  dut}^  which  included  the  loss  in  distribution.  In  order  to  esti- 
mate, if  possible,  the  influence  of  this  loss,  a  measurement  was  made 
of  the  water  actually  applied  to  a  definite  tract,  the  location  selected 
being  a  f)0-acre  farm  situated  near  the  heart  of  the  irrigation  district 
and  irrigated  from  the  canal.  This  was  watered  from  two  laterals, 
one  entering  the  farm  at  the  northeast  and  the  other  at  the  southeast 
corner.  A  Cippoletti  weir  was  placed  at  the  corner  of  the  field  where 
the  main  lateral  entered,  and  one  of  the  automatic  recorders  of  the 
Department  was  arranged  to  record  the  depth  of  water  passing  over 
it.  In  one  other  supplying  lateral,  a  small  rectangular  flume  was 
placed,  and  during  iiTigation  the  depth  of  water  was  read  at  least 
three  times  a  day,  and  the  velocity  at  each  observed  depth  was  deter- 
mined. Bv  these  means  an  accurate  measurement  of  all  water  used 
was  obtained.  Whenever  in*igation  was  in  progress,  daily  visits  were 
made  to  the  farm  and  a  record  was  kept  of  the  progress  made.  The 
date  and  duration  of  each  irrigation  and  the  kinds  of  crops  and  acres 
devoted  to  each  were  noted.  The  orchard  referred  to  in  the  following 
table  is  young,  with  a  garden  Ix^tween  the  rows  of  trees,  so  that  the 
irrigation  of  the  two  is  necessarily  considered  together. 
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Irriijiilioii  iif  Ortiwuuit  farm,  Ktaonof  1899. 
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In  coiiiiiKin  witli  tin-  usiml  pnu-tiri'.  the  wiitcr  wiistpd  ovor  the  i«)wer 
wicU-  (if  the  tit'Ui  whs  n  larjji'  jHToi'ntujri'  of  what  wiin  HupplH-d  at  the 
iipiH-r.  This,  nithcr  than  the  m'cd  of  thv  iTiij).  i-iuiscd  tho  iipplk-ation 
of  i>ii4>ii}rh  wiitiT  to  <'ov(!r  the  alfalfa  tt>  a  depth  of  "A."  fet't  and  the 
l.r.  aeres  t)f  ;,niideii  to  a  depth  of  3.II.-)  feet. 

The.  iilftilfa  |iroduci'd  three  croiw  and  avemjfed  diiniit;  the  season  5 
toiii*  tti  the  iiere.  or  a  total  of  1  lu  tons.  The  wheat  crop  was  ittnsider- 
alily  Im'Iow  the  itvenifre,  Imt  ;rave  a  return  nf  i1  hitshels  to  the  aeif,  or 
a  tola!  of  .Mil  hiishels.  The  ori'lmrd  am)  tpiidi-n  eoinpHwd  a  variety 
of  proihli-ts,  atiioii^r  Ihein  Vl'>  liushels  of  |Hitatnes,  u  hirjre  ijuantitr  of 
frnit.  iind  tiie  ordinary  >.riinlen  prodm-ts.  )H-sides  a  smtiil  amount  of 
silpir  eaiie.  An  estimate  of  the  I'tush  value  <if  the  ]>rodiR-tN  at  the 
present  timrket  price  ;fives  ii  relnrn  from  the  4:i..'i  aires  of  #!».")n. 

The  tul>le  shows  that  eiionjrh  water  was  used  t<i  eover  ttie  4-J,">  acrCH 
ii'ri(rti1e<l  lo  II  depth  of  -J.,")'.!  feet.  The  water  tlowinj:  in  the  main  tanaj 
wiw  sullieieiit  to  cover  the  hind  irri^Hted  to  ii  ih'pth  of  'A.M  feet.  Thi*< 
indieiites  a  Iikss  of  is  per  cent  of  the  water  Ihiwinfr  in  the  eanal.  itssimi- 
iiifi  that  the  (.■ronipiist  farm  fnirly  repre.tents  the  fariiiM  midcr  the 
eaniil. 
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DUTT  OF  WATEB  AS  BELATED  TO  THE  IBBIOATION  PBOBLEMS 

OF  THE  BOISE  VALLET,  IDAHO. 

By  Special  Agent  D.  W.  K088, 
St(Ue  Engineer  of  Idaho. 

BOISE  VAIiliEY. 

The  total  area  of  irrij^ble  land  in  the  Boise  Valley  in  five  times 
greater  than  the  area  now  watered.  The  problem  which  confronts  us 
is  to  so  increase  the  duty  of  water  that  the  entire  area  may  be  irri- 
gated and  become  productive. 

The  Boise  Valle^^  (Map,  Plate  XLIX)  might  easily  be  regarded  as  a 
part  of  the  great  sagebrush  plains  of  the  Snake  River,  simply  a 
widening  out  of  that  monotonous  stretch  of  desert  land  which  Ijegins 
within  sight  of  the  Yellowstone  National  Park  and  extends  westward 
without  break  for  a  distance  of  nearly  60()  miles.  There  is  the  same 
great  sweep  of  undulating  bench  land,  the  same  gray  ashy  soil  that 
filters  through  the  closed  double  windows  of  the  Pullman  as  it  speeds 
through  southern  Idaho.  To  the  eye  of  the  topographer,  however, 
one  difference  presents  itself — the  Boise  River,  running  between  low 
banks,  may  be  easily  diverted.  The  barriers  left  by  nature  are  slight, 
and  at  reasonable  expense  its  waters  are  transforming  this  once  desert 
waste  into  a  fit  habitation  for  man. 

The  irrigable  portion  of  the  Boise  Valley  lies  at  an  elevation  of 
from  2,400  to  2,800  feet  above  sea  level.  On  the  north  side  of  the 
river,  beyond  the  valley  proper,  gently  sloping  terraces  rise  one  above 
the  other  and  merge  gradually  into  the  foothills.  On  the  south  a 
somewhat  similar  system  of  terraces,  though  much  broader,  ends 
finally  in  a  broken  ridge  parallel  to  and  alxjut  3  miles  distant  from 
Snake  River.  Natural  drainage  courses  run  from  east  to  west  through 
this  portion  of  the  valley,  emptying  into  the  river  near  Caldwell. 
These  were  originally  dry  except  during  the  spring  freshets.  They 
cause  only  slight  undulations  in  the  surface  of  the  ground  and  now 
serve  as  distributarv  channels  and  waste  wavs  in  the  irrijjfation  svstem. 

There  are  nearly  634  square  miles  of  land  lying  under  the  canals 
and  dit<'hes  already  constructed  or  projected,  and  of  this  484  square 
miles,  or  310,(XK)  acres,  are  susceptible  of  irrigation.  Alxnit  40,000 
acres  is  known  as  the  first  bottom  or  valley  proper,  which  lies  from  5 
to  15  feet  alK)ve  the  river.  The  bench  lands  rise  to  a  height  of  nearly 
125  feet  above  the  river  near  the  lower  end  of  the  valley. 
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I  WATER  SUPPLY. 

\-,  '  liiilnfdIL   -Tho  Tiiitod  Statt^H  Weather  Bureau  reports  an  average 

f:     '  niiiifall   for  th«»  ytMir  at  Boise  of  iMuirh'  14  inches.     At  Nampa,  the 

(*rnt(>r  of  tlio  irripihU'  ])()rtion  of  the  valley,  it  is  but  half  that  amount 

Of  this  an  aveni^^r  of  8.5  inches  falls  during  the  irrigation  8ca^»on  and 

less  than  1  inch  falls  during  the  hot  months  of  June,  July,  and  August. 

j'  I ,  Thus  it  may  hr  plainly  secMi  that  unless  moisture  is  artificially  applied 

to  the  soil,  the  rouiitrv  nmst  always  remain  in  a  desert  condition. 

litHfir  Rtnr.     The  Boise's  River  rises  in  the  Saw  Tooth  Mountains. 
11ie  arra  of  its  dmina^e  iHLsin,  which  lies  at  an  elevation  of  from 
jl   .'  4JHM)  to  1»,(MM)  f4'4»t  alM)ve  the  swi,  is  a^xmt  2,450  square  miles.     The 

greater  (Hirtion  of  this  is  well  timln'red,  and  in  the  high  elevations 
wln're  this  growth  is  plentiful  th<»  snow  lies  until  well  into  June  and 
Julv.  In  the  lower  elevations  and  f(K)thills,  or  where  there  is  hut  a 
sparse  j^rowth  of  timlKM*.  the  snow  disappears  under  normal  conditions 
durinj(  the  month  of  May:  Induce  the  fl(M)d-water  seitson  In^gins  during 
that  month,  reaching  its  highest  mark  during  th(^  month  of  June,  and 
lasts  until  near  the  middle  of  Julv. 

Lik(»  all  mountain  streams  whose  chi^'f  soure**  of  supply  is  the  melt- 
'  '^,  ing  snow,  the  l^)ise  KiviT  quiekly  sulfides  after  its  highest  stage  is 

reaehed.  and  th«»  |M'riod  of  low  water  soon  follows. 

The  mountain  i)ortion  of  the  river  channel  hiu*  a  fall  of  from  25  to 
2(M)  feet  iHM"  mil^^  whih'  from  the  Boise  (-aiiyon  to  its  numth,  a  distance 
of  ahout  (>(>  mih»s,  its  total  fall  is  {\(\{^  feet,  or  an  avemge  fall  of  10  feet 
J     1^    *  |H»r  mile.     A ft<'r  emerging  from  between  the  high  walls  of  the  I^)i.se 

J  Canyon  the  stream  winds  alniut   between  low  Ininks,  seldom  contined 

pi'  during  high  water  to  one<'hannel.     At  one  point  in  its  course  through 

f  .'  \     IP  the  valley  the  high  bench  lands  on  both  sides  are  joined  by  a  lava  dike 

throuifh  whiih  the  water  has  <'ut  the  Caldwell  C^anvon. 

The  diagnim  (tig.  IN  p.  221)  shows  the  discharge  of  the  I^)i.s<*  River 
in  acre-feet  (luring  the  irrigating  si'ason  from  1S*.»5  to  \SW  inclusive. 
f  Tl  This  diatrram  discloses  the  fa<*t  that  the  low- water  seas(m  of  this 

S  rl'  {MM'iiMl  was  in  lSJ»s.  when,  during  the  months  of  July,  August,  and  S<*|)- 

1  '.'■*|  tember.  the  mean  dailv  flow  of  the  river  was  1,1M7,  7t»4,  and  72*.^  cubic 

™  feet  jM-r  second,  res|M»ctively.     The  greatest  discharge  of  the  river  for 

*  jjjj  any  month  during  this  jHTiod  o<*curred  in  June,  ISlMi,  when  the  aver- 

age daily  flow  was  22,112  <*ubic  feet  j)er  s(»cond,  the  average  discharge 
'   i^'    V  eaih  day  Inking  mon»  than  one-third  of  tln'  discharge  during  the  entin* 

V  monlli  of  Julv,  lsi»s,  or  a  nuantitv  nearlv  «Miual  to  the  total  discharjr«» 

4%  (luring  the  month  of  August  of  that  year.    The  high-water  year  for  the 

irrig:it(>r,  howev^M*.  is  the  one  during  which  the  flood  dis<"harge  is  pro- 
longed late  into  th<'  irrigsiting  s(»ason.  This  occurred  during  the  year 
ISIM*.  \Vhil(»  the  mean  dailv  flow  of  the  riv<'r  durinj'  the  month  of 
,Fune,  j.v.tlt,  was  about  one-half  that  during  th«»  siune  month  in  18*Jt>,  its 
avemge  daily  How  during  the  months  of  ,Iuly,  August,  and  Septemlier 
was  gn^iter  t\\uu  AuyXwvl  \W  swww-  wwsutUs  of  181»6,  the  usiml  rush  of 
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flood  watPT  having  been  checked  by  cool  weather  until  late  in  the 
month  of  July.  The  diagram  al»o  indicatet*  that  a  flood  dJBcharge  of 
40,000  cubic  feet  per  second  occuri-ed  in  June,  1896.  A  nubsidence  t« 
a  flow  of  2.000  cubic  feet  per  second  usually  takes  place  during  the 
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last  week  of  July  of  each  year.  The  average  daily  discharge  during 
the  months  of  August  and  Septemlwr  of  the  years  from  1895  to  1899, 
inclusive,  wa.s  1,197  and  9t>7  cubic  feet  per  second,  respectively,  yet  a 
gi-eatcr  volume  than  this  is  diverted  from  the  river  each  day  during 
these  months  and  used  for  irrigation. 
8808— No.  86 19 
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IRRIGATION  INVESTIGATIONS  IN  THE  B0I8B  VAUJST  XV  1890. 

AMOUNT   OF    WATKK   CIJIIMED  AND  THE   AMOU5T  ACTUAU-Y    DIYEBTEa 

In  (>rd(T  that  thr  invostigation  flhoiild  embrace  all  of  the  factors  which 
inllueiuv  the  duty  of  wator  in  irrigation  now  obtained  in  this  valley,  it 
was  thought  dosimhl<^  to  secure  a  record  of  the  claims  to  water  from 
th('  strrani  and  ijakr  suc*h  measurementH  as  would  show  the  locatbn 
and  caiMicitv  of  the  canals  ali*eady  built.  Mr.  Wiley,  a  civil  engineer 
of  Boise,  Idaho,  was  employed  to  do  this  work.  His  reports  give  the 
abstract  of  the  claims  to  water  from  the  three  counties  through  which 
th<»  river  Hows.  Tlu*  abstracts  of  the  records  are  omitted  from  this 
rc|M)rt  lK»caust»  of  the  spac*e  they  would  oix^upy,  and  because  of  the 
fact  that  the  chiims  of  one  county  ajrgregate  moni  than  one  hundred 
and  sixtv  tinu^s  the  midsummer  flow  of  the  river.  It  would  seem  that 
the  validity  of  such  reconls  would  not  b(»  a  matter  of  much  practical 
importance. 

Following  th(»  study  of  the  water- rijrht  records,  Mr,  Wilej'  made 
survt»ys  and  fiPiyfinjifs  of  the  various  canal  syst(»ms.  The»se  i*anals  now 
serve  to  irrijTjite  a}M)ut  50.000  a(*n»s  of  land,  and  have  ii  total  capacity 
of  1,741  cu})ic  feet  |)(»r  second,  and  an  estimated  avemgc  discharge  dur- 
ing the  height  of  the  irrigation  season  of  1,4<M)  eubic  foot  jx^r  second. 
The  results  of  Mr.  WileyV  measurements  an*  given  in  the  following 
table.  The  diagmm  which  follows  the  tiible  shows  gi*aphica!ly  the 
differ(»nce  between  the  amounts  of  water  claimed  by  the  sevei^al  canak» 
and  the  volumes  they  were  actually  diverting  when  measured. 

Mtniturcmmtit  of  atiuiU  (lirrrtintj  inihr  from  the  JioiiU'  A'mr. 
[Mailf  by  A.  .1.  Wiloy.  .Furir  J.^  lo  :«).  IWhj.    St'c  <lia«rRii>.  IM.  X  LIX.  p.  220.] 
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Desert  areas  still  exist  in  the  Boise  Valley.  Irrigators  are  in  con- 
stant strife  over  the  division  of  water,  yet  the  volume  flowing  in  the 
river  must  serve  to  irrigate  an  area  five  times  as  great  as  that  now 
under  cultivation.  One  cause  for  this  condition  of  affaii*s  is  that  our 
plans  in  the  beginning  were  too  selfish  and  narrow.  Each  promoter 
thought  only  of  his  own  scheme.  He  ignored  entirely  the  efforts  put 
forth  at  the  same  time  bv  others  similarlv  situated,  and  too  often  he 
introduced  methods  which  were  directly  opposed  to  the  general  good. 
It  has  been  left  to  his  successor  to  save  from  ruin  the  enterprises  sus- 
tained by  the  money  of  the  capitalist  and  labor  of  the  farmer;  to  bridge 
the  gulf  created  between  canal  management  and  water  users,  and  to 
show  the  necessity  for  the  cooperation  of  eveiy  one  from  the  land- 
owner and  land  cultivator  to  the  })anker. 

The  extent  to  which  the  desert  may  be  redeemed  is  measured  by  the 
amount  of  water  at  hand  and  the  methods  employed  in  its  application. 
Therefore  the  policy  pursued  in  the  management  of  canals  and  the 
practice  of  the  individual  irrigator  are  the  important  factors  in  the 
problem  of  development  and  will,  for  that  reason,  be  considered  as 
part  of  the  study  of  the  duty  of  water. 

DESCRIITION    OF   THE    PRINCIPAL   (^ANAL   SYSTEMS. 

Boise  and  Xampa  or  Ridenhamjh  VanaL — This  canal,  the  highest  and 
most  important  one  in  the  Boise  Valley,  diverts  its  water  supply  from 
the  south  side  of  the  Boise  River  at  a  point  about  0  luiles  above  Boise, 
and  after  crossing  the  first  })ottom  of  the  river  skirts  the  bluff  and 
reaches  the  top  of  the  first  "  l^ench ''  at  a  distance  of  about  8  miles  from 
its  head.  From  this  point  its  course  diverges  rapidly  from  the  river, 
being  nearly  12  miles  disUmt  at  a  point  south  of  Nampa.  Four  hun- 
dred and  fifty  fet^t  below  the  headgate  the  canal  is  38  feet  wide  at  the 
surface  of  the  water,  32.5  feet  \vide  on  the  bottom,  and  4.f)  feet  in 
depth,  and  diverts  390.6  cu})ic  feet  pen-  second  of  water  or  19,500 
miner's  inches,  measured  under  a  4-inch  pressure.  Water  is  furnished 
for  power  for  the  P^lectric  Light  Company  of  l^)ise,  being  discharged 
just  abov^e  the  headgate  of  the  Settlers'  Canal.  From  18  to  35  cubic 
feet  per  second  are  used  for  power  purposes. 

In  order  to  avoid  expensive  construction  on  sidehill  and  broken 
ground,  several  vertical  drops  were  introduced  in  the  grade  of  the 
main  canal,  the  land  left  on  the  upper  side  to  be  watered  by  means  of 
laterals  tiiken  out  above  the  drops  and  continued  on  the  higher  ground 
on  the  upp(»r  grade  plant*  of  the  main  canal.  The  accompanying  map 
shows  the  system  of  upper  laterals  (PI.  XLIX,  p.  220).  Owing  to  the 
dropping  of  the  ridge  line  between  the  Snake  and  Boise  rivers,  these 
upper  lateniLs  finally  reached  the  level  of  the  main  canal  at  a  point  south 
of  Nampa.    By  this  location  of  the  main  canal  a  great  saving  was  effected 
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in  tho  cost  of  its  construction,  and  owing  to  the  topog^phical  condi 
].'   *  tion  all  the  hind  which  lies  below  the  upper  level  of  its  gnde  pkai 

K     •  niuv  still  he  watered. 

^ti  The  nmnat^enient  of  this  property,  fully  realizing'  the  neoeasitro! 

■'    ■  providing  a^j^iinst  the  thne  of  great  demands  by  the   irrigator  m 

7  shortage  of  water  in  the  river,  is  providing  a  storage  system  asshowi 

on  tin*  maps.     Sites  have  lx»en  .selected  for  seven  reservoirs  along  tb 
^{j'  =i  ,  line  of  the  main  ctmal  which  will  have  a  combined  storage  capacity  ol 

2G,(XH)  acre- feet  or  enough  waU^r  to  give  60,000  acres  one  thormigl 
irripition.  allowing  for  all  loss  in  the  lateral  system.  By  this  meu 
it  will  \h\  possible  for  the  large  district  which  will  ultimately  be  served 
})V  this  system  to  tide  over  the  low-water  period  in  the  Boise  River. 
The  plans  of  tlie  <*(>mpany  contemplate  the  early  enlargement  of  iti 
main  canal  to  keej)  the  r<»servoirs  tilh»d  until  thoy  aiv  nc^edcd.  Thej 
will  he  filled  each  season  during  the  month  of  June. 
'li  Until  ism  this  com|)any  charged  for  the  delivery  of  water  by  tin 

:|'    •;  acre,  and  the  duty  has  been  low — about  47  acres  for  every^  cubic  fort 

per  second  flowing  in  the  main  canal  }k»1ow  the  electric  power  plint 
The  loss  from  secimge  and  eva[>oration  in  th(»  c*anal  haw  never  beei 
determined,  but  owing  to  the  h»ngth  it  must  Im»  very  groat. 

l\rrnuU  I>ifrh,  -V\\v  ditch  heads  on  the  north  sido  of  the  Boi« 
Kiver  about  W  niiles  alM)ve  lioise.  The  first  2  miles  is  used  foi 
floating  logs  and  for  power  |)ur|H)ses.  Tho  irrigation  ditch  propei 
iM'gins  at  tin*  lower  end  of  the  log  |K)nd  Ijelow  Goodwin's  sawmill 
whrre  a  small  head  of  water — l<»ss  than  '2.5  feet — is  div€"^rted  and  mM 
for  the  irrigjitioii  of  lots  in  lioist*  and  a  few  faims  lying"  near  the  citj. 
TIh'  |)ortion  of  this  ditch  us(»d  for  irrigation  is  1>.8  feet  wide  at  walir 
surface,  ♦»  feet  wide  on  the  lK>ttom,  and  l.i>  f(»et  deep,  and  when  uieto- 
ured  on  June  30,  lst»i»,  it  <*arried  *j:5.:j  cubic  feet  per  sec'ond.  All  por- 
tions of  this  ditch  which  wen»  ex|M'nsive  to  <*onstruct  and  maintain  arr 
em)>nic<'d  within  the  u])|)er  2  mih»s.  The  remaindt»r,  a>>out  3  miles. b 
maintained  at  but  little  cost. 

Tht'  annual  charge  for  wai«»r  for  farm  irrigation  is  %^  per  acre,  and 
it  is  (h»livered  for  the  irrigation  of  lots  at  the  rate  of  #7.50  per  50-foor 
lot.  Water  !•?  sup])li<'d  to  the  <'ity  for  flushing  sewers  at  a  cost  of 
al)out  J?l.M)o  per  annum.  There  has  been  considemblo  litigation  over 
rates  <'harged  for  the  (leliv<»rv  of  water  from  the  dit<.*h,  which  lui* 
resulte<l  in  a  court  decision  that  the  nit<M)f  SW-  per  acre  to  Ix*  paid 
annually  is  just  and  reasonabh*.  AI>out  S(H)  acres,  including  city  loU 
is  watered  from  this  dit<'h. 

Sr/f/f/'s"  f,,'  Lf/Hjt  />/Vr//.  -  This  ditch  diverts  water  from  the  Boi.* 
Kiver  >vest  of  Boise.  It  is  22  feet  wide  at  the  water  surfaiH^,  ly  feet 
wide  on  the  l)ottom,  and  2.;")  feet  deep,  and  <*arried  on  June  28,  I8SW, 
1>2.»{  cubic  feet  per  second.  AlM)ut  4  miles  from  the  headgate  it  reachef 
the  top  of  the  first  bench,  where  it  turns  to  the  south  nearly  at  rigb 
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I    angles  to  the  coui^se  of  the  river  and  ends  at  the  South  Slough,  7  miles 

from  the  head.     The  owner  of  this  canal  charges  by  the  acre  for  the 

t    delivery  of  water.     The  price  paid  is  $1.50  per  acre  per  year.     No 

i    measuring  boxes  are  provided,  and  the  water  users  are  forced  to  prac- 

I    tice  a  system  of  rotation.     Four  thousand  nine  hundred  and  seventy 

f     acres  were  irrigated  during  the  season  of  1899,  requiring  a  flow  in  the 

canal  of  over  92  cubic  feet  per  second,  or  at  the  rate  of  1  cubic  foot 

per  second  for  each  54  acres.     The  loss  of  water  through  seepage  and 

evaporation  is  slight. 

This  c^nal  was  originally  built  by  a  company  composed  of  the 
farmers  whose  lands  are  now  watered  by  it,  but  owing  to  bad  manage- 
ment the  company  became  involved  in  debt  and  lost  the  property 
through  foreclosure.  The  present  owner  then  enlarged  it  to  its 
present  size,  and  is  now  deriving  a  handsome  revenue  on  his  outlay. 
During  the  year  1896  the  owners  of  the  land  lying  below  the  level 
of  this  canal  organized  an  irrigation  district,  for  the  purpose  of  pur- 
chasing and  enlarging  the  c^nal  to  a  capacity  suflicient  to  water  21,000 
acres  of  land.  So  favorable  is  the  location,  and  so  cheap  would  be 
the  construction  of  the  ditch  that  the  plan  had  great  merit,  for  by 
this  arrangement  the  cost  of  water  to  irrigators  might  have  l)een 
reduced  to  about  one-third  the  present  charge.  For  some  unaccount- 
able reason  the  plan  has  been  abandoned. 

Farinerii^  Union  Ditch, — This  canal  is  a  community  project,  planned 
and  built  bv  farmers.  It  heads  on  the  north  side  of  the  river  about 
2  miles  below  Boise,  and  will  ultimately  water  all  the  land  lying 
between  the  foothills  and  the  first  bottom  of  the  river,  a  district  about 
12  miles  long  and  of  an  average  width  of  I  mile.  It  is  26.6  feet 
wide  at  the  water  surface,  21  feet  wide  on  the  bottom,  and  2  feet  deep 
at  a  point  500  feet  below  the  headgate.  On  fFune  21,  1899,  it  carried 
95  cubic  feet  per  second,  and  watei-s  at  present  about  3,000  acres. 

This  company  is  organized  under  the  corporation  laws  of  the  State, 
and  has  issued  to  its  members  shares  of  stock  which  entitle  the  owner 
to  a  certain  amount  of  water.  Both  cash  and  labor  assessments  are 
levied  to  meet  the  expenses  of  operation.  The  stock  held  by  each 
farmer  represents  a  certain  proportional  interest  in  all  rights  and 
liabilities  of  the  company,  but  from  the  nature  of  the  enterprise  there 
are  no  dividends,  water  being  delivered  at  ac*tual  cost.  In  the  absence 
of  any  law  regulating  the  distribution  of  water  from  canals,  the  inter- 
est of  each  user  presupposes  a  continuous  flow  of  his  share  of  the 
water,  and  as  the  needs  of  the  pex)ple  are  not  great  at  present  (it  being 
a  new  canal)  the  methods  of  distribution  are  wasteful,  and  water  has 
a  very  low  duty. 

While  believing  in  the  ownership  of  canals  by  their  users.  I  must 
admit  that  the  me^^    '  *  ^tion  practiced  under  this  one  is  ill 

advised*     It  i«i  which  wa^  shown  bv  these 
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The  niHximiim  im^titi};  lioud  umed  at  any  one  time  was  O.SScubli 
font  per  second  or  41.5  im-hea.  and  the  average  head  was  0.61  riihii- 
f<K>t  iwr  second  or  Sii.S  inches.  The  orchard  was  divided  into  severai 
tnictj*.  which  were  irripited  hr  rotation  in  from  four  to  eight  days. 

An  uutotimtic  iT^ister  rmide  a  (continuous  record  of  the  depth  of  th' 
wiiter  Howinjj  in  the  .supply  lateral  as  it  passed  over  a  trapezoidal  ven. 

Duty  on  <jraln  niid  mUcefJnnittu*  crop«. — No  measurements  weiv 
made  this  .xca-son  f<ir  the  determination  of  the  amount  of  water  ased  in 
the  irrij^ation  of  grain  in  the  Boise  Valley.  Four  irrigations  Ix'tween 
sciHltinic  iiiul  liarvcst  will  usually  more  than  suffice.  Assuming  that  i 
ruliic  feet  \ivv  second  are  used  in  the  irrigation  of  40  aeres  of  grain, 
and  that  three  days  are  required  for  each  application,  the  total  vohini-' 
employed  is  +7.i>  acre-feet,  or  enough  to  cover  the  tract  to  a  depth  of 
1.  lit  feet.  I'rovifiidn  should  he  made  for  the  application  of  one-half 
this  amount  during  the  hottest  |>art  of  the  growing  season,  which  is 
usuiilly  during  July.  The  last  irrigation  of  grain  u.suallv  occur- 
lii'fure  the  1st  of  August,  or  before  the  river  has  i-eached  its  low- water 
>t;ige.  PotatiX'S  require  from  one  to  three  irrigations;  corn  and  other 
inips  planted  in  rows  re(|uire  water  from  two  to  four  times  during 
the  growing  seiison.     When  the  surface  is  carefully  prepared,  crops 
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deep,  and  discharged,  June  25,  1899,  75  cubic  feet  per  second.  The 
outcome  of  this  project  has  been  disappointing.  It  has  not  paid  as  an 
investment,  and  it  irrigates  only  one-tenth  of  the  land  it  covers. 

The  enterprising  people  of  this  community  have  now  decided  to 
organize  an  irrigation  district,  purchase  this  canal,  and  enlarge  and 
improve  it  until  it  will  water  12,300  acres.  This  will  necessitate  the 
construction  of  a  canal  24  feet  wide  on  the  bottom.  It  will  carry  223 
cubic  feet  per  second  of  water,  or  1  cubic  foot  per  second  for  each 
55.1  acres  irrigated.  The  estimated  cost  of  the  canal,  when  enlarged, 
is  less  than  $55,000,  and  it  is  believed  that  water  can  be  furnished  by 
it  for  less  than  40  cents  per  acre  per  annum.  Under  the  provisions 
of  the  irrigation  district  law  an  acreage  assessment  must  be  levied  for 
the  payment  of  the  interest  on  and  redemption  of  the  bonds,  but  tolls 
may  be  charged  for  the  delivery  of  the  water,  to  be  based  upon  the 
quantity  delivered.  This  latter  charge  will  be  for  the  payment  of  the 
cost  of  distributing  the  water.  It  is  hoped  in  this  way  to  distribute 
the  charges  equitably,  holding  all  land  in  the  district  liable  for  the 
payment  of  the  })onds,  but  placing  a  part  or  all  of  the  expenses  of 
maintenance  upon  the  users  of  water.  These  expenses  will  be  for  the 
wages  of  one  water-master  and  his  assistants,  the  salary  of  a  secre- 
tary, whose  duties  will  be  very  light,  the  repairing  of  gates,  and  the 
occasional  cleaning  out  of  the  canal.  The  plan  is  to  build  a  canal  of 
ample  size  and  capacity,  employing  good  methods  in  construction  with 
a  view  of  saving  a  large  part  of  the  annual  maintenance  expenses. 

Owing  to  the  location  of  the  point  of  diversion  of  this  canal  it  will 
be  one  of  the  first  to  profit  from  the  return  or  seepage  water  to  the 
river.  It  is  thought  that  the  seepage  water  which  accumulates  above 
this  point  will  insure  a  steady  and  increased  flow  of  the  river  during 
its  low  stage.  The  canal  crosses  Ten  Mile  and  Indian  creeks  a  short 
distance  above  their  mouths,  and  it  is  intended  that  it  shall  catch  the 
waste  water  flowing  in  these  streams.* 

Sebree  Canal. — This  canal  heads  in  the  Caldwell  Canyon,  and  waters 
land  lying  on  the  north  side  of  the  river.  At  a  quarter  of  a  mile 
below  its  headgate  it  is  31  feet  wide  at  the  surface  of  the  water,  22 
feet  wide  on  the  bottom,  3.2  feet  deep,  and  carried  on  June  24,  1899, 
165  cubic  feet  per  second.     It  irrigates  about  6,000  acres  of  land. 

The  canal  was  first  built  by  the  Idaho  Irrigation  and  Colonization 
Company.  It  has  since  been  enlarged  in  accordance  with  an  arrange- 
ment with  the  landowners.  The  original  builders  charge  for  the 
delivery  of  water  by  the  quantity,  but  owing  to  its  small  capacity  the 

*  Since  the  above  was  written  the  people  living  below  the  level  of  the  Phyllis 
Canal  have  joined  with  thoee  under  the  Caldwell  ditch  and  are  preparing  to  organize 
an  irrigalton  dlatH^  which  will  embrace  all  the  land  lying  below  the  line  of  the  two 
canakk  a  nject  has  great  merit  and  will  undoubtedly  l)e  a 
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proix!irty  was  never  on  a  paying  basiH.  After  a  great  deal  of  diaap- 
pointment  on  the  part  of  both  water  luersand  investors,  it  was  agreed 
to  allow  the  fannei's  to '^  work  out^'  an  interest  in  the  project,  and 
the  small  dit<'h  was  accordingly  enlarged  to  its  present  capacity. 

It  seemed  to  Ik^  tlie  understanding  of  the  landowners  that  water  would 
l>e  delivered  to  them  at  actual  cost,  but  after  the  work  had  l^een  per- 
fomuKl  a  differencv  arose  with  the  original  i*oinpany,  which  had  not 
l>een  dissolved.  Th(^  <'ompany  retained  the  (*ontrol  of  the  ditch  and 
iixed  the  charges  for  maintenance  according  to  its  own  ideas.  The 
farmei*s  claimed  these  were  l>eing  arbitrarily  increased  from  year  to 
year  and  have  tinally  taken  the  matter  into  (*ourt  for  settlement. 

liirt-rsld^  ////////.--The  jwint  of  diversion  of  this  ("lanaliHOiily afew 
feet  a]K)ve  that  of  the  S«»bree  ditt^h  on  the  south  side  of  the  river  in 
the  Caldwell  Canyon.  From  the  headgates  it  runs  alonir  the  lirst 
lK)ttom  of  the  rivt»r  for  a  distance  of  ncarlv  In  miles,  whc^ii  it  rea<*he."* 
the  first  IxMich,  where  th(»  first  deliverv  of  water  is  made.  It  is  14 
fe(»t  wide  on  the  f>ottom  and  carries  at  present  aliout  50  (»ubic  feet  jj^r 
st»cond  of  water. 

The  lioise  l^jind  and  Water  C-ompany,  the  owner  of  this  prop«»rty. 
was  orjranizcd  in  1S*.*2,  and  u  ditch  was  Jniilt  and  water  <h*liv€»n*d  onto 
the  land  during  th(»  stMisoii  of  LSiKJ.  The  original  plan  of  this  cora- 
|)any  contcm|)latt*d  th<'  selling  of  •'|)erix»tiuil  wat<*r  rights""  at  the  rate 
of  J?LO  }H*r  acre  with  an  annual  maintenance  charge  of  Jjl  per  acre. 
Ejirh'  in  the  year  it  wits  }H»lieved  that  this  system  would  proves  a  fail- 
ure, so  a  Seconal  com|mny  caUed  the  Riverside  Irrigation  District, 
Limit(*d,  was  orgtuiized.  This  eom))any  }H)ught  the  canal  and  issued 
to  purchasers  of  water  a  pro|H)rtion>it<»  amount  of  stock  in  the  River- 
side Irrigation  District,  Limited.  The  rights  to  the  water  ai-e  dedi- 
cated to  deseriht'd  lands  and  the  st(M'k  only  represents  the  right  to 
jMirticipatt*  in  the  affairs  of  the  coni))any,  the  inti^ntion  InMng  to  make 
the  irrigators  the  managers  of  the  pro|x»rty.  It  w<mld  st^eni  hy  the 
armngemt»nts  ma<h»  that  it  would  lie  impossi})h»  to  seiwnit<*  the  water 
from  the  land  evt^n  if  tlie  stcK'k  of  a  hmdowner  were  to  1m*  sold  under 
an  attiU'liment.  Th<»s<»  shares  sell  for  the  uniform  prii^j  of  filo  ea<^h. 
one  share  to  each  a(*re  of  land. 

Whih*  the  owners  of  stock  in  tluj  Kiverside  company  di>  not  at  pre^ 
ent  |)ossess  a  majority  of  shan»s,  yet  the  management  of  the  canal  h&^ 
Ix^en  turn«»d  over  to  tliem  (Mitircly,  and  they  now  obtain  their  water  at 
th(^  actual  c.osi  of  maintenance. 

No  one  has  suffered  through  the  workings  of  this  sehenie.  The 
])uilders  of  the  canal  are  making  a  reasonable  profit  through  the 
returns  from  th<»  stock  and  land.  By  making  a  liln^i-al  i'ontract  for 
the  use  of  water,  the  comimny  has  so  strengthen(?d  its  ])osition  that  it 
hits  at  all  times  n»(M»ived  the  h(»artv  support  of  the  settlers.     This  oom- 
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munity  is  thrifty  and  peaceful  and  has  had  a  steady  growth.  Water 
is  at  present  delivered  to  2,000  acres  of  land.  Measuring  gates  are 
not  used  at  present,  although  it  is  the  intention  to  adopt  them  next 
season.  The  right  is  reserved  in  the  by-laws  of  the  company  to  estab- 
lish a  system  of  distribution  by  rotation  whenever  it  shall  be  deemed 
necessary.  While  no  fears  are  entertained  regarding  the  water  sup- 
ply for  this  canal,  yet  a  more  orderly  system  for  its  distribution  would 
be  a  great  gain  to  the  people.  The  first  step  in  the  reform  would  be 
to  base  assessment's  for  maintenance  on  the  amount  actually  used. 

A  better  point  of  diversion  for  the  Riverside  and  Sebree  canals  could 
not  have  been  chosen.  The  lava  dike  which  forms  the  Caldwell  Canyon 
forces  the  seepage  water  to  the  surface  near  this  place  and  insures  a 
steady  and  increased  supply  in  the  river  during  its  low  stage.  Nearly 
15,000  acres  of  land  will  be  ultimately  served  by  the  Riverside  Canal, 
and  about  20,000  acres  of  land  will  one  day  be  watered  by  means  of 
the  Sebree  Canal. 

Smaller'  ditches. — All  the  canals  just  described  conduct  water  onto 
the  bench  lands,  although  some  serve  land  located  on  the  first  bottom. 
A  great  number  of  short  ditches  built  by  the  landowners  water  the 
lands  of  the  first  bottom.  Some  of  these  ditches  belong  to  associations 
of  farmers,  who  work  out  the  annual  assessments  levied  for  mainte- 
nance expenses.  The  construction  of  these  canals  has  cost  from  $2  to 
$4  per  acre  for  the  land  watered  by  them,  and  the  annual  cost  for 
maintenance  is  from  15  to  50  cents  per  acre.  The  regulations  govern- 
ing the  use  of  water  from  these  ditches  have  had  but  little  effect  in 
promoting  economy.  A  large  body  of  valuable  land  is  being  ruined 
by  overirrigation.  Drain  tiles  are  needed  as  badly  on  the  first  bottom 
of  the  river  as  irrigation  canals  on  the  bench  lands.  The  cheapness 
with  which  water  may  be  obtained  in  some  localities  is  not  without  its 
drawba<*ks,  as  it  leads  to  overirrigation  and  renders  valuable  fields 
unfit  for  cultivation. 

A  detailed  description  of  the  location  and  management  of  the^e 
canals  has  ]>een  given  because  the  duty  of  water  depends  on  other 
things  than  rainfall,  soil,  or  the  crops  grown.  Among  the  factors  which 
determine  the  area  which  a  cubic  foot  per  second  will  irrigate  are  the 
nature  of  the  water  contract  and  the  spirit  of  coopei^ation  which  exists 
among  the  irrigators.  Until  selfish  irrigators  at  the  head  of  the  river 
or  at  the  head  of  the  ditch  are  compelled  to  regard  the  rights  and 
interests  of  other  users,  those  above  will  waste  water  and  those  below 
will  have  to  take  what  is  left. 

In  describing  the  defects  of  the  system  now  in  use  it  is  hoped  to 
create  a  public  sentiment  in  favor  of  more  economic  distribution  and 
secure  a  higher  duty  than  an  inch  to  the  acre.  It  is  believed  that  this 
is  not  only  the  educational  movement  should  be 
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.    ,  licgiin  at  <mw  in  ordt^r  that  it  may  inflacnvc  the  final  adjustment  ol 

,  V  Tighta  iiiid  limit  nppropriationH  to  the  qusntitj  actually  used.     Those 

who  favor  tlic  tontiii nation  of  old  methods,  which  disregard  the  right 
of  tile  luttT  and  lower  iwers,  should  miiemlHT  the  benefits  which  will 
c-onie  to  the  <-oitiniiiriit,v  and  State  throtiffh  an  economical  adminigtn- 
tion  which  will  ix-riiiit  of  tbp  rcH-larnation  of  thousands  of  acres  of 
diwci't  land  lyinf;  l>oluw  the  levels  of  tho  conala  already  built. 

nUTT   OK   WATEB. 

If  ankod  how  iiuich  water  in  nijuired  to  irrigate  a  given  amount  of 

land  ill  the  Hoi.tc  Vulley  1  should  )m>  compelled  to  answer.  "  I  do  not 

know,"  . 

Till'  fratlit-rint;  i>f  factM  on  which  to  base  an  answer  to  this  inquitr 

,  was  imule  in  the  .season  just  closed.     With  this  puri>Oj«j  in  view  throe 

stations  wen'  estat>li.she<l  in  the  Iktise  Valley,  all  of  whifh  are  on  the 

<'*>i|  lloise  and   Nimi[ni  (.'anul,  »>'  shown  on  the  map  (PI.  XI..IX,  p.  :!20l. 

Water  wiis  used  in  the  usual  niaiuier,  lK>inf;  turned  on  and  off  aci-ord- 

•  ■  iug  to  the  ideas  of  the  irritrator.  or  allowed  to  flow  i-ontinuouidy  if 

^    .  tliou(;ht  necessary. 

Stiitmii   y...  I.     The   Knst  Uitcnd.  which  serves  a  large  body  nf 

■  land  situated  in  one  of  the  oldest  i>ortions  of  the  )>cn4'h,  visui  seieetod 

for  this  investigation.     From  a  diiily  record  of  its  flow  the  amount  "t 

i-v  water  drliveivd  to  usei-s  was  determined.     The  yroater  |H>rti(>n  of  the 

]>4  tnu-t  was  devoted  to  old  meaih>w  (ulfalfiu  tinxithy.  and  clover),  and  i\» 

*  ivniaiiider  was  seeded  to  jrniin  (outs  and  wheat).     The  <lis<'hai^  of 

the  hitenil  vioa  computed  from  daily  re)>orts  of  the  water  master  on 

^,|  the  main  canal.     He  nieasiire<l  th<-  h<-ad  of  wuterand  the  height  of  the 

.  o|>eniii);  in   the  j;rate  twice  eiich  ilay,  from  which  the  volume  of  wat«T 

iflowinjr  ill  the  lateral  was  dctenninit).     These  i-cpoi-tt*  )h-^iii  on  May  I 
.  and  ended  St'plemlier  .'ti).     Water  was  used  after  this  date,  but  no 

■^  ;  l-ccoixl    wiu*   kept   of   its  How.      While  oceasionally  the    ineiulows  are 

improved  by  irrijriition  duriiit;  the  month  of  October,  niinfall  usually 
supplies  all  needed  moisture.     The  n-cord  covers  the  extreme  Mmib 
,  of  the  usual  irrijratinji  season. 

The  lateral  in  question  <ielivered  water  tii  7!in  iicn-w  of   lund.  the 

I  pnuM'Tty  ()f  I'iphteen  owners.     I-Jicli  owner  in-dentl  ami  paid  for  the 

)i"  quantity  of  water  which,  in  hiseslimulion.  thecr<q)H  would  need.     The 

J..  Intenil  has  a  htrjjc  fall  and  is  short,  hence  the  loss  from  Meejmfjfe  and 

',. ''  ■  evajHUiitioii  is  sli^jht.     The  {inmnd  is  favonihly  situated  for  irrigation. 

since  a  larj^e  head  of  water  may  be  piussed  over  the  surface  in  a  short 

time  without  any  danfjer  of  washing  or  cnttinjj.     The  .surfaee  couM 

he  ea.-*ily  prei»aied  for  irrifiiition  by  means  of  the  chp<'k  sy.stem.      The 

following  talde  shows  the  <laily  di.selmr^rc  of  the  lateral  for  the  seasoo: 
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Water  delivered  from  the  Boise  and  Nampa  Caiud  through  the  Rutft  Lateral  to  eighteen 

users  near  Boisef  Idaho,  season  of  1899. 

[See  diagram,  PI.  XXIII,  p.  80.] 


Day. 

May. 

June. 

Acre-feet. 
29.38 
29.90 
21.84 
18.60 
18.80 
27.82 
27.08 
28.30 
82.40 
27.80 
28.44 
28.30 
28.58 
27.44 
28.00 
30.20 
28.70 
28.18 
28.42 
31.20 
27.60 
29.20 
29.70 
28.18 
28.70 
28.70 
27.94 
28.80 
28.00 
29.20 

July. 

August. 

September. 



Acre-feet. 
27.84 

1 

Acre- feci. 
24.58 
25.54 
25.54 
13.90 
15.12 
14.48 
14.48 
13.90 
13.50 
13.50 
13.40 
13.90 
13.40 
18.72 
19.52 
20.88 
25.44 

:m.96 

25.92 
25.44 
25.44 
25.44 

Acre- feet. 
28.20 
28.44 
29.92 
29.20 
28.44 
28.44 
28.92 
28.92 
28.32 
27.90 
28.66 
30.92 
30.08 
29.06 
28.60 
25.64 
28.30 
27.60 
28.00 
27.20 
25.64 
26.54 
27.00 
24.00 

Acre-feet. 
29.70 
28.70 
26.02 
28.80 
29.00 
29.00 
28.40 
26.02 
27.10 
27.42 
27.10 
25.60 
28.80 
27.60 
27.60 
27.10 
26.24 
26.02 
26.48 
27.66 
27.66 
27.66 
23.48 
23.48 
23.60 
24.50 
24.60 
24.30 
21.24 
24.78 
24.78 

2 

25.92    , 

3 

27.36 

4 

27.00 

5 

27.56 

6 

21.22 

7 

21.60 

8 

20.88 

9 

21.24    ' 

10 

26.54    1 

11 

26.54    ! 

12 

26.54 

13 

27.00 

14 

26.10 

15 

26.76 

16 

26.76 

17 

25.84 

18 

26.54 

19 

26.88 
27.22 
26.10 

20 

21 

22 

26.10 

23 

27.44    1 

24 

24.14 
28.30 
25.20 
25.44 
25.80 
26.40 
27.36 
25.44 

26.76    ' 

25 

27.44 

26 

27 

28 

29 

30 

3* 

28.80 
28.80 
28.90 
25.48 
25.48 
25.48 

1  27. 22 
•27.22 
26.76 
26.54 
25.10 

1 

1 

Total 

635.08 

K56.30 

906.78 

K20.34 

779.62 

1 

As  shown  })y  the  table,  the  total  discharge  for  the  season  was  3,997.02 
acre-feet.  This  gives  th(»  following  duty  for  the  water  discharged  by 
the  lateral : 

Jhdy  of  water  under  Rust  JyUeral. 

Area  irrigated acres. .       790. 00 

Di^^harge  of  lateral acre-feet. .  3, 997. 02 

Depth  of  irrigation  feet..  5.06 

Depth  of  rainfall do. . .  .22 

Total  depth  of  water  receive*!  by  land do. . .  5. 28 

Area  irrigated  per  cubic  f(X)t  j)er  second acren. .        57. 48 

It  will  })e  observed  that  during  the  lirst  half  of  May  only  about 
one-half  the  usual  amount  of  water  was  used.  After  that  period 
there  w^as  but  little  change  in  the  flow  until  September  30,  the  end  of 
the  season.  The  average  dally  flow  of  the  lateral  for  this  period  of 
153  days  was  13.1  cubic  feet  per  second,  or  alxjut  I  cubic  foot  per 
second  for  each  57.5  acres  of  land  irrigated.  This  flow  of  water,  if 
spread  out  evenly  over  t^^  "ur&ce  of  the  tract  of  790  acres,  is  equiva- 
lent to  an  Bverap  "  '^^  foot,  or  nearly  two-fifths  of 
an  inch. 
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,         ,  Ijatcr  on,  attt'iition  will  l>c  called  tu  u  notice  sent  to  the  uaersof 

i    '   '  wat^T  lUidiT  thJM  <-»i)hI.  wherein  they  are  adviited  to  economize  id  the 

•  i  use  of  water  hy  udoptings  rtytitem  of  "  rotation  "  or  the  una  of  alai^ 

■ ,        '  '  irri}jatin(f  ht>ad  of  wat4-r  in  turn.     It  in  quite  evideot  that  this  syBtem 

Rof  diHtri^ution  wiin  nut  adopted,  for  had  it  tieen,  one-half  the  quantity 
,  of  watt'r  which  was  turned  through  the  headgate  of  the  lateral  would 

Ij  bavi<  HufBci'd.     Still,  the  quantity  of  watt^r  turned  into  thu  lateral  wks 

ordert'd  by  the  furiui^'n  in  the  Hpring.  and  paid  foi'  notwithstanding  its 
wu.xtn.  A  coiiiiMiriruin  with  tlio  reKulL>4  neeured  at  another  point  in  the 
valley  will  slmw  thiit  a  syutem  of  distribution  might  have  been 
adopted  which  would  have  saved  fully  one-half  of  the  water  used. 

Statiiiii  .\-i.  J.  'I'hi-  water  used  on  the  farm  of  Mr.  A.  F.  Loi^ 
was  can-fully  uieiiHurttl  over  a  trup(>zoidal  weir,  the  depth  being 
rewinled  l)y  lui  auloiualu-  n-fjistcr  fn>ni  the  7th  ilay  of  June  to  the  30th 
day  of  S-ptt-iiilxT.  TIiIk  land  is  Hitiuited  alKiut  5  utiles  Miutlicast  of 
Nanqta.  under  one  of  the  upper  laterals  of  the  Iloise  and  Nanipa  Canal, 
and  is  ninrk<-d  on  the  inaji  as  Station  No.  2  (PI.  XLIX.  p.  ii'-JO).  The 
tract  supplied  with  wat4>r  is  favoruhly  situated  for  irrigation,  and  pre- 
vious to  sifdiuf;  it  WHS  ])ro]H'riy  leveled,  an  etfet^tive  system  of  laterab 
•*i|  WHS  constructed,  and  {mqtanitious  were  matle  for  handling  a  large 

head  of  water  at  a  niiniuium  outlay  of  time  and  labor.  The  cultivated 
jxirlion  of  the  farm  consists  of  l.'»  acres  of  alfalfa,  seeded  in  1898,  .iti 
acres  of  alfalfa  iind  clover,  seeded  in  ISIH*.  and  a  40-acn'  prune  orchard, 
pliinted  in  IS!H.  or  lo'i  acres  in  all.  In  the  spring  Mr.  I^on^^  contracted 
with  the  irrigation  couijwmy  for  Hm)  inchesor 'JciiIhc  feet  p«>r  second  of 
'  U  ,  water.    For  this  he  jmid  ^l.'iO.  with  the  understiiuding  that  he  wan  to  turn 

!■  V  off  the  water  wlicii  it  was  not  needed  on  Ills  land.     The  t4>riiit)  of  this 

^1  contnut  were  the  same  as  those  entered  into  hy  the  users  of  water  from 

,">  the  Kust  Uiteiid.     Oin-  a<lvantage  enjoyed  hy  the  users  <)f  the  Rust 

1;  Ijnteral  and  not  enjoyed  by  Mr.  I^on^  was  that,  owing  t«i  the  great 

■''■  numlH-r  of  wat«T  users  and  the  large  head  of  water  curried  by  their 

"  ,  ■  eonuncni  liitenil.  every  op|)orlunity  was  alTonte<l  for  a  splendid  system 

of  rotation.     .Mr.  l^irig.  Iieitig  llie  only  ustT  of  water  near  this  point 
of  delivery  on  the  ciiiial.  was  obliged  to  onier  an  irrigation  head  large 
■"  enough  for  the  gn-.ilest  nee(t  at  any  one  time,  rotating  from  one  tract 

to  another  on  his  own  laud,  but   receiving  no  credit  when   he   turned 
'  the  water  back  into  the  uniin  ntnal.     He  |»aid  for  a  continuoiui  flow. 

fc'"  fixed  by  the  character  of  the  crops  gr()wn  and  the  ureu  devoted  to  t.>ach, 

1^  witli<mt  n-gard  to  whether  he  nseii  the  waterail  the  time  or  not.     The 

-  following  tJible  shows  the  qiianlity  of  wati'r  used  by  Mr.  Lung  and 

the  time  of  its  u.sc: 


/ 
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WiUer  used  by  A.  F.  Longf  near  Nampa,  Idaho. 
[See  dia«rram,  PI.  XXV,  p.  80.] 


Day. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Acrf'fed. 


Total 


0.38 
.38 

•  «Jo 

.88 
2.66 
2.75 
2.84 
2.84 


16 


1. 
1. 
1. 
2. 
2. 


91 
79 
83 
50 
08 


June. 


Aare-feet. 
1.81 
1.81 
1.81 
2.20 
1.47 
2.70 
1.53 
1.29 
2.79 
1.69 

.76 
3.38 
3.38 
3.38 
3.64 
3.90 
3.53 
3.01 
2.53 
3.01 
3.13 
2.24 

.01 
l.TS 
3.25 
4.22 
4.44 
3.64 
3.38 
3.51 


July, 


Arre-feet, 
3.07 
3.38 
3.77 
8.51 
3.51 
3.13 
3.25 
2.96 
2.57 
3.48 
2.58 
3.17 
8.85 
8.42 
8.63 
8.64 
8.74 
3.77 
3. 
3. 
3. 
2. 
3. 
3. 


August. 


Acre-feet. 


,74 
.27 
.04 

.87 
.85 
.80 


3.73 

.75 

.99 

3.69 

1.96 


23.18 


79.17 


91.64 


0.01 
.90 
1.49 
1.17 
.80 
.81 
.78 
.27 
.25 
.25 


3.51 
3.68 
3.38 
1.69 
.88 
3.31 
3.39 
3.38 
8.44 


September. 


Acre-feel. 
3.24 
1.67 
1.54 
2.47 
2.88 


2.95 
1.57 


1.61 
1.57 


33.39 


.53 
1.27 
1.27 
.90 
.  ov 
.62 
.36 
.08 


25.02 


Irrigation  was  l>egun  on  May  6,  lasting  for  but  a  week,  and  did  not 
begin  again  until  the  27th,  when  only  a  small  head  was  used  until 
June  11.  The  exact  record  of  the  quantity  of  water  used  and  the  place 
of  its  use  was  begun  on  June  7,  which  record  was  kept  to  Septem- 
ber 30.  The  head  was  reduced  from  June  7  to  June  10  and  was  all  used 
for  the  irrigation  of  a  meadow  of  15  acres,  seeded  in  1898,  designated 
''old"  meadow,  as  against  ''new"  meadow,  seeded  in  1899.  The 
amount  delivered  during  this  time  was  7.29  acre-feet,  which  is  suffi- 
cient to  cover  the  land  to  a  depth  of  5.84  inches.  The  entire  head, 
after  l>eing  increased  on  the  11th,  was  turned  onto  25  acres  of  new 
meadow,  where  it  was  used  for  nine  days.  The  total  volume  furnished 
this  tract  was  27.49  acre-feet,  or  enough  to  cover  it  to  a  depth  of  13.2 
inches.  The  head  was  then  reduced  and  turned  on  to  the  orchard 
tmct  of  40  acres,  which  required  for  its  first  irrigation  10.12  acre-feet, 
or  a  depth  of  about  3  inches.  From  the  25th  of  June  until  the  25th 
of  July  there  was  but  little  change  made  in  the  head  of  water  drawn 
from  the  main  canal;  from  the  26th  to  the  29th  the  head  was  reduced, 
and  turned  off  entirely  on  the  30th.  A  small  head  of  water  was  used 
in  turn  from  August  2  to  August  11  in  the  irrigation  of  old  and  new 
meadow  tracts,  and  from  that  date  until  August  22  water  was  not  used. 
Rain  fell  from  August  14  to  25  to  a  total  depth  of  0.083  foot,  or  about 
1  inch.  Beginning  with  the  23d  of  August,  water  was  applied  to  the 
orchard  for  five  days,  concluding  its  irrigation  for  the  season.     An 
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iii('n'aM<*d  head  wii.s  then  turned  on  to  20  acres  of  new  meadow,  and  cm 
S«*|)toiiilM*r  :i  it  wu.<  rhanged  to  the  old  meadow.  On  the  0th  and  7th 
of  S*pt4Mn)N^r  a  large  head  of  water  was  allowed  to  run  to  wute. 
Small  hoads  w(*n'  intermittently  lused  on  meadow  land  during  the 
remainder  of  th(*  month  of  Septemlier.  The  following  table  abofwg 
thr  wat(*r  u.st'd  on  tin*  variou.^  eropH.  by  months  and  for  the  season: 

W'lit*  r  ffjifv/  ffff  mrinti*  crojw  during  the 


<nt|. 


Nt*w  in<*H'low  . 
(m'hHnl 


«'n»|i. 


<)M  mciwlow  . . . 

Ni*U'III(>Hfll»W  . . 

Un-hnrd 

Total... 


NumlMT 

iifiniipi- 

tUmn. 

r. 

.1. 

1 

May. 
QiMiitUy.  Depth. 

Arre-fftt.     fbaf. 

""a.*iK"  "a*  is* 

Jane. 

Jnly. 

Arn*. 
IS 

lU 

Quintlty.  Depth. 

Aere-fefi. .    Ftti. 
7.30  ,      0.49 
61.75  .       1.24 
iai2           .25 

Quantltj.!  Depth. 

1 

JLcrtyioBt.     ML 
17.  S7        LM 
46.67          .« 
27.40          .6 

KlTt 

2:i.lH          .22 

Aiifnivt. 
Qiiiintity.  iH'pth. 

Arrt'fttt.      Ftmt. 
i.M         0,  If* 

17..'*        .3:> 
i:i.M        .Xi 

79. 17           .75 

t*«*pteint»c*r. 
Qiwntlty.  IH'pth. 

'  AiTf'/rrt.      Fwtt. 
M.  :«7        0.  .v. 

iti.(ir> .       .83 

91.64          .S 

Arm. 

VuiIltKT 

•  »f  irriKH- 
tionv 

If 

1 

Quantity.  TttpOu 

A'r*p. 

i:> 

.'ill 
40 

Acre-feft. 

166.04 
60.66 

fttt 
IS 

llkT, 

IlK 

:ci.  :w        .  »2 
l**ti'niiiiiHir. 

25.02            .24 

2Se.40         i« 

W<'  <)})srrvt'  from  tlio  alM)v<*  tabh*  that  the  new  meadow  required 
the  mo.st  wat<M'  during  tlio  month  of  June,  while  the  old  meadov 
and  the  on-hard  d(*mande<l  the  most  during  the  month  of  July.  The 
]:M'ri(Kl  of  jrrtMitrst  dt'inaiul  for  all  t'rops  wa.s  during  the  month  of  July, 
when  a  <lrj)th  of  o.sT  foot  was  nMjuin»d,  which  was  about  one-third 
of  tJH'  total  amount  u^'d  during  the  tMitire  irrigatinjf  s<^ai»on.  The 
orchard  required  a  total  depth  of  1.27  f<*et,  54  per  cent  of  which  wa.* 
applied  during  the  month  of  July.  The  average  depth  used  on  the 
meadow  was  :\J)\)  feet,  although  the  (i«»pth  of  2.8i<  feet  will  {X'^rhap.s  Ik 
sufht'ient  aftt'r  tli<»  first  year;  li.lV2  f(»et  for  the  new  moadow  is  exces- 
sive*. A  safe  estimate'  of  the  <|uantity  of  water  needled  for  the  proi)ei 
irrigation  of  alfalfa  wouhl  Im»  2.5  acre- f<»et  pt»r  acre,  and  the  supph 
must  1m'  such  that  at  least  1  per  cent  of  it  may  he  had  each  day  dur 
ing  a  peritwl  of  thirty  days  in  the  months  of  July  and  Aug^ust. 

Ah  before  stated,  50  acres  of  this  land  was  seinied  in  the  spring  ol 
l8i)0  to  ch)ver  and  alfalfa.  It  is  unusual  to  obtain  a  <'uttiiig' f rem  a 
meadow  of  this  kind  during  the  lirst  sea.son  of  its  growth,  yet  in 
October  of  this  year  50  tons  of  hay  were  (rut  from  40  acres.  It  U 
needless,  then'fore,  to  state  that  it  had  received  sufficient  water  for  iU 
irrigjition. 

Mr.  Long  states  that  aft(»r  the  water  had  h(»en  running  over  the 
surfa<*e  of  his  meadow  for  a  few  days  nearly  a.»<  great  a  quantity  o1 
waste  water  ran  off  at  the  lower  end  of  the  field  as  was  turned  onal 
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the  upper.  The  determination  of  the  exact  amount  of  such  waste  will, 
it  is  hoped,  be  undertaken  next  season. 

Station  No,  3. — Station  No.  3  consists  of  an  apple  orchard  of  74 
acres,  the  property  of  Hon.  Edgar  Wilson.  The  ground  was  carefully 
prepared  before  the  trees  were  planted,  and  the  cultivation  and  care 
of  these  orchards  has  ever  since  been  thorough.  A  portion  of  the 
orchard  has  been  in  bearing  for  two  seasons  past.  Water  has  been 
applied  witl  great  care,  and  the  best  results  as  to  quantity  of  fruit  and 
growth  of  trees  have  been  attained. 

The  first  irrigation  of  the  orchard  began  on  the  7th  of  June,  during 
which  month  29.82  acre-feet  of  water  was  used.  Quite  a  uniform  flow 
was  used  during  the  month  of  July,  a  total  of  35.42  acre-feet,  and  con- 
tinued with  but  slight  diminution  until  about  the  15th  of  August, 
when  the  irrigation  of  the  older  and  bearing  portions  was  suspended 
for  a  time  or  until  the  fruit  buds  became  properly  set.  In  order  to 
impart  color  and  promote  the  healthy  maturing  and  ripening  of  the 
apple  crop,  water  was  again  turned  onto  the  bearing  portion  of  the 
orchard  and  allowed  to  run  from  August  2H  until  September  5,  and 
again  from  the  11th  to  the  16th  of  September. 

The  following  table  shows  the  quantity  of  water  in  acre-feet  used 
each  day  during  the  irrigating  season.  The  depth  given  assumes  that 
this  amount  had  been  spread  evenly  over  the  tract  of  74  acres,  thus 
affording  means  for  a  comparison  with  results  at  Stations  1  and  2: 

Wato'  used  on  the  orchard  of  Hon.  Edgar  Wilson^  near  Boisef  Idaho,  tfeason  of  1899. 

[Sec  diagram,  PI.  XX1\\  p.  80.] 


Day. 

June. 
Acre-feet. 

July. 

Aiufuut.    • 

September. 

1 

Acre-feeL 
0.47 
.93 
.93 
1.03 
1.07 
1.27 
1.44 
.60 
1.31 
1.86 
1.45 
1.19 
1.17 
1.09 
.47 
1.29 
1.16 
1.11 
1.11 
1.39 
1.44 
1.42 
1.37 
1.32 
.47 
.57 
1.24 
1.41 
1.40 
1.47 
1.47 

Acre-feet. 

1.38 

1.14 

1.46 

1.44 

1.62 

1.66 

1.55 

1.25 

1.43 

1.49 

1.19 

1.04 

.90 

1.01 

.93 

.91 

.73 

.75 

.35 

Acre-feet. 
1.60 

2 

1.66 

3 

1.60 

4 

.80 

5 

.42    , 

6 

.18 

7 

0.66 
.96 
.96 
1.32 
1.34 
l.OO 
1.84 
1.34 
l.OO 
1.34 
1.00 
1.36 
1.90 
1.38 
1.38 

8 

9 

10 

11 

12 

13 

14 

15 

16 

,     17 

.92 
1.62 
1.42 
1.29 
1.26 

.60 

18 

19 

20 

21 

22 

23 

1.72 
l.W 
1.40 
1.72 
1.34 

i.:« 

1.34 
1.34 

24 

2.5 

26 

.68 
1.60 
1.53 
l.-'tt 
1.67 
1.66 

27 

28 

29 

30 

81 

■ 

29.82 

35.44 

30.89 

13.06 

An  uutoniatii-  ivffixtor  made  a  continuous  reooni  of  the 
water  flowing  in  thi>  supply  lateral  aa  it  passed  over  a  trap 

Duty  on  ijivhi  mui  miwfil^iiifom  crop«. — No  messnn 
made  this  s<-Ks<>n  for  the  (letenni nation  of  the  amount  of  v 
thi'  irrifpition  of  gmm  in  the  Boise  Valley.  Four  irrigfati 
Hittitinit'  iirxl  harvest  will  usually  more  than  suffice.  Asei 
cubic  feet  per  sin-oud  are  used  in  the  irrigation  of  40  aci 
and  that  threw  days  are  required  for  each  applicstioDf  the  1 
employed  is  47.<l  arre-fect.  or  enough  to  cover  the  tract  t 
l.l!t  feet.  l'rovi.si<m  should  he  made  for  the  application 
this  amount  (luriTi[r  Ihe  hottent  jmrtof  the  growing  aeaa 
usually  during;  .luly.  The  laHt  irrigation  of  grain  ust: 
iM'fore  the  1st  of  Aufjust.or  before  the  river  has  reached  il 
stu(re.  I*i>tat<H>M  n-iiuin!  from  one  to  three  irrigations;  coi 
crops  {)litiit<Hl  in  rows  nnjuire  water  from  two  to  four  t 
the  jrrowinjr  seiL'ic)n.  When  the  surface  is  carefully  pre] 
jiliuited  ill  rows  may  Ih-  (>asily  irrigated  and  do  not  rcqi 
volume  of  water.  a»  the  irrijrating  head  is  divided  int 
thn'itds.  one  tM-iny  ap)>lied  Ui  each  row  to  be  watered. 
mate  ()f  the  quantity  needed  for  these  and  other  miscella 
whose  {jrowinjr  sinison  is  shart  would  \>o  a  depth  of  1.25  f« 
of  which  should  be  provided  for  during  thirty  days  of 
scas<)n.  or  from  June  I.')  to  August  15. 
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Although  Mr.  Long  used  water  with  care,  turning  it  back  into  the 
main  canal  when  it  was  not  needed,  he  paid  more  for  it  by  the  acre, 
and  nearly  two  and  one-half  times  as  much  per  acre-foot  used,  as  was 
paid  by  the  irrigators  under  the  Rust  Lateral.  Mr.  Wilson,  who  re- 
quired but  a  small  volume  or  irrigating  head  for  each  irrigation  of  his 
orchard,  paid  a  little  more  per  acre,  and  nearly  three  and  one-half 
times  as  much  per  acre-foot  for  the  quantity  of  water  actually  deliv- 
ered to  him,  as  did  the  irrigators  under  the  Rust  Lateral.  It  might 
be  well  to  state  here  that  the  maximum  irrigating  head  used  by  Mr. 
"Wilson  did  not  exceed  0.8  cubic  foot  per  second;  therefore  he  was  to 
blame  for  ordering  more  water  than  he  needed.  Had  he  paid  for  only 
the  maximum  head  used,  an  acre-foot  would  still  have  cost  him  more 
than  twice  as  much  as  was  paid  by  the  irrigators  under  the  Rust 
Lateral.  Had  a  reasonable  charge  been  made  for  the  delivery  of  this 
water  bv  the  acre-foot  and  a  svstem  of  rotation  in  the  use  of  service- 
able  irrigating  heads  been  planned  and  enforced  bj'^  the  management, 
more  than  twice  the  area  might  have  been  irrigated  from  the  Boise 
and  Nampa  Canal  this  season  and  the  revenue  of  the  company  greatly 
increased.  No  industry  demands  as  close  cooperation  on  the  part  of 
those  employed  in  it,  as  does  farming  by  means  of  irrigation.  The 
works  which  convey  water  to  large  bodies  of  land  are  necessarily 
expensive.  The  cost  of  maintaining  and  operating  a  canal  varies  but 
little  after  a  certain  capacity  is  reached.  Whether  water  is  sold  by  a 
fixed  charge  per  acre  irrigated  or  at  so  much  per  cubic  foot  per  sec- 
ond, there  is  a  tendency  toward  wasteful  use.  To  encourage  economy 
in  irrigation  water  should  be  sold  by  the  volume  used,  employing  a 
definite  unit,  such  as  the  cubic  foot  or  the  acre-foot.  When  a  charge 
is  based  upon  a  certain  volume  flowing  continuously  during  the  season, 
delivering  water  by  rotation  can  not  be  enforced  by  the  management, 
and  can  only  be  entered  into  voluntarily  by  the  users. 

DISTRIBUTION   OF  WATER. 

Often  on  small  streams  the  area  of  land  reclaimed  is  so  great  as  to 
seem  out  of  all  proportion  to  the  water  supply.  Harmony  may  pre- 
vail among  the  irrigators,  while  on  a  neighboring  large  stream  the 
people  may  be  in  continual  turmoil  and  litigation  over  water  rights. 
On  the  streams  first  mentioned  the  irrigators  regard  the  water  supply 
as  common  property,  no  one  claiming  to  have  a  superior  right.  The 
opposite  of  this  equitable  system  may  be  established  on  streams  hav- 
ing a  water  supply  in  excess  of  the  needs  of  the  fii'st  users.  With  only 
their  present  needs  in  mind,  every  irrigator  claims  the  right  to  the 
continuous  flow  of  a  certain  volume  of  water.  Upon  these  claims  a 
system  of  administration  of  canals  and  distribution  of  water  is  founded, 
whi**'  ^act  that  the  public  is  as  much  benefited  by 

tbr  '^  a  large  as  of  a  small  stream. 
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"?./•.'  '  '/.•  i.',v.*'.v  :.•>-".■:•#-  •  ---  N-^*  i.'^  /»•'.•  -iii  --f  k*fi^  latf'nl 
jt'rfj/jA ;.  .•.;^  .vjfc'  ;•  v«»-  r  •  •  ••--fc':.'  '.-^  »-— a.^.  '^r  Ti^-  :m^»t«^r^  !••  •"  rtitate 
iit  ^L*-    ^.-^    '/*  •.:.*   vifc»^»    •--»^^:5.v  x:^*^:i.  if.  onirr  u-  -^v^r  ih«rir  i-rop^ 

adtit*    Mrit'ffji-r  Si  'M-af.r   •/.•   afi   :i'«uri'ikfjt   ^ut'plv  ««.->  funiL«'h«fd.      It  ni 
ii'/i  .-•i/i/n-'iii;?.  it<*  r«'fof«-.  tii;it  • -. --rv  irrijf^ilor  i^msAwl*^  lh»-  full  allow 
••  ai/j"    f«>i  hi^  Inri*!.  v^iif-trji-r  hi-  *:*/j/-  ii«-»-«i»J  it  «/r  ij«»l. 

'Ihi-  j/ijwij< «•  |wl  to  ffi:tfiy  <'Xiri\a;^rit  bl^-a*  n-^nlin^  thi^dutro: 

MriiN'f.     'Itji'f'  i-  :ilv«;iv-  an  M^tifi'Lint   -uppiy  during  the  AcxkI  seai^m 

,t  htjl  'liififj;;  lh<'  |i<-ri'yl  of  low  uut'-ra  •hortajf**  i*  liable  to  oti-ur.    A 

I  M  |#n'|/itt:itiofi  fnr  liii-.  irri^ruN^r^  wi-n*  alio  we'd  to  um*  all  thev  waxit« 

i  diif'iri^/  iIm*  .-<'Ji-ori  of  picriiv.      Mitny  took  :tdvaiita^«' of  thi>  lic-eiiseuK 

i  kt'\i\  tiicir  'lit4'lj<'>  Imnk  full,  ^itiimtiri}/  tlic  low  |ila<.-cs  on  their  farms 

If  iIm'  lii/i>«'  V.'illi'V  r<'«-(*i\<-<l  iiri  siriniml  i-ainfall  of  ^)  inches  or  over 

drtiifiii)/<'  wonM  In-  ri«*<-<*>fiirv  on  all  tl]<*  low  land  along'  the  river.    Thi 

ifxri'rfhivi*  iii^i*  of  watt'i'  in  irrijriition  lias  had  thi*  same  result.      Wasb 

I  wal^-r  luiM  Im*<mi  allow4*d  to  flow  down  i*vi*rv  dniinag'e  way  and  eollec 

on  rv<*ry  low  pi<*ci*  of  land  lyiiij^  alonj;  ity  coiirst*,  and  the  only  indi 

'    '  vidniil  wito  liuh  JNTn  thotoiifrldy  satisfied  with  the  n;sult  is  the  sportp 

*•* '  niiin     wild  dnrkr«  liavin^  hccome  ni(»rr  ph^ntiful  on  this  reclaimed  land 

In  jll^lti^(•  it  slioiild  Ih*  said  that  many  farmers  are  pui^uing*  bette 
inclhoil-i,  i-onstiMM'tin^  splendid  lat(»nd  systems,  properly  U^vdinj 
then  tieldr^,  until  many  furms  show  the  etfeet  of  the  skill  and  gO(X 
Incite  of  their  owner>i.  Hut  even  this  elass  of  farmers  have  suffered 
from  tlie  wron^^  NVNtem  of  distribution,  for  the  etfort  to  g'uard  agains 
Ihf  ^rltiNhneNN  i»r  the  slovenly  irripitorhas  led  to  the  building' of  numei 
ou^  individual  laterals  from  the  main  eanal  and  a  further  loss  by  dflliff 
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ery  of  water  through  several  channels,  where  one  would  have  served 
better. 

The  practice  of  charging  for  water  by  the  acre  not  only  encouraged 
wasteful  methods  in  irrigation,  but  was  also,  in  addition,  an  inequita- 
ble proposition.  It  compelled  the  painstaking,  thrifty  farmer,  who 
had  leveled  his  fields  in  order  to  save  water,  to  pay  the  same  price 
per  acre  as  the  man  who  had  not  done  so. 

CHANGE   IN   STATE   IRRIGATION   LAW. 

The  legislature,  in  1899,  enacted  a  law  to  i-equire  payment  for  water 
by  quantity  and  to  secure  a  more  equitable  division  in  other  respects. 
The  section  referred  to  is  quoted: 

Sbctton  20.  Any  person  or  persons  owning  or  controlling  land  which  has  or  has 
not  been  irrigated  from  any  such  canal  shall,  on  or  before  January  1  of  any  year, 
inform  the  owner  or  person  in  control  of  such  canal  whether  or  not  he  desires  the 
water  from  said  canal  for  the  irrigation  of  land  during  the  succeeding  season,  stating 
also  the  quantity  of  water  needed.  In  distributing  water  from  any  such  canal,  ditch, 
or  conduit  during  any  season  preference  shall  be  given  to  those  applications  for  water 
for  land  irrigated  from  said  canal  the  preceding  season,  and  a  surplus  of  water,  if  any 
there  be,  shall  be  distributed  to  the  lands  in  the  numerical  order  of  the  applications 
for  it.  But  no  demand  for  the  purchase  of  a  so-called  *' perpetual  water  right,''  or 
any  contract  fixing  the  annual  charges  or  the  quantity  of  water  to  ]>e  used  per  acre, 
shall  be  imposed  as  a  condition  precedent  to  the  delivery  of  water  annually,  as  pro- 
vided in  this  act,  but  the  consumer  of  water  shall  be  the  judge  of  the  amount  and 
the  duty  of  the  water  required  for  the  irrigation  of  his  land;  and  annual  charges,  to 
be  made  and  to  be  fixed  under  the  further  provisions  of  this  act,  shall  hereafter  be 
based  upon  the  quantity  of  water  delivered  to  consumers,  and  shall  not,  in  any  case, 
depend  upon  the  number  of  acres  irrigated  by  means  of  such  amount  of  water  delivered. 

With  but  few  exceptions  this  practice  of  charging  by  the  acre  was 
confined  to  the  Boise  Valley  when  the  above  law  was  enacted,  the  Boise 
and  Nampa,  the  Settlers,  and  the  Phyllis  canals  having  been  operating 
under  that  system.  As  these  canals  must  be  depended  upon  for  the 
irrigation  of  the  greater  portion  of  the  reclaimable  land  in  the  valley, 
their  management  is  of  great  importance  to  those  who  wish  to  promote 
the  prosperity  of  this  section. 

The  law  compelling  the  delivery  of  water  by  quantity  was  designed 
to  become  operative  during  the  season  of  1900.  The  following  notices, 
sent  out  to  water  users  shortly  after  its  enactment,  show  how  it  was 
viewed  by  ditch  owners  in  the  Boise  Valley: 

Officb  of Canal, 

Bois€y  IdahOy  March  i,  1899. 

NonCE  TO  CUSTOMEBS: 

The  water  rent  for  the  irrigation  season  of  1S99  will  be  at  the  rate  of  seventy-five 
dollars  per  cubic  foot  of  water  per  second,  payable  November  1,  1899. 

Positively  no  applications  will  be  accepted  nor  water  delivered  for  any  land  in 
arrears  for  water  rent  until  each  arrears  are  settled. 

No  wat)0r  V  ▼  lateral  used  by  two  or  more  customers,  nor  will 

the  €V>  Hty,  untU  a  water  master  has  been  appointed 

ik  lintment 


V4a 


THB   UBK   OF   WATXB    IV    IBBIOATION. 


(5)  Under  such  administration  the  Aumer  would  carefnll 
the  flurfiu-4>  of  bio  tieldii  in  order  that  the  water  mig'ht  be  i 
the  sborteiit  poHsible  time.  He  would  endeavor  to  detei 
quantity  of  water  actually  required  to  produt-e  the  best  resul 
an  interetst  would  be  encouraged  in  the  more  accurate  and 
features  of  farming,  which  are  always  of  incalculable  benefit 
community. 

(6)  The  inauguration  of  a  uniform  system  of  rotation  wou 
increase  the  duty  of  water  and  proportionately  reduce  tb 
irrigation.  In  order  to  properly  carry  this  into  effect,  lat 
boxes  should  always  be  in  good  condition. 

(7)  ^^'hen  this  system  is  established,  irrigation  on  eacl 
reduci'd  to  a  routine,  every  farmer  knowing  in  advance  w 
head  of  water  he  i»  entitled  to  and  the  length  of  time  it  will 
hi»  land.  I'nder  this  plan  he  is  also  afforded  an  incentive 
the  amount  used  by  improving  his  methods  of  cultivatic 
distributing  the  water  after  it  enters  his  fields. 

(K)  Tlie  cuiiijMny  should  construct  a  draina^  system  th 
the  t'ntire  district  <H)nnecting  all  swampj'  places  with  oatu 
WHYS,  and  the  water  thus  drained  from  the  land  should  be 
conti-ol  for  distribution. 
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same  revenue  as  the  rate  per  acre  fonnerly  charged.  As  the  canal 
has  been  carrying  its  full  capacity  for  two  years,  the  farmer  only 
could  profit  by  this  arrangement.  The  company  has  tried  to  measure 
all  the  water  delivered  this  season,  and  the  new  system  has  given  gen- 
eral satisfaction.  Immediate  recovery  from  the  effects  of  the  inju- 
rious system  under  which  the  canal  had  been  conducted  for  over  eight 
years  was  not  anticipated. 

The  second  notice  stated  that  the  price  for  the  delivery  of  water  for 
the  season  of  1899  '*will  be  at  the  rate  of  $225  per  cubic  foot  per  sec- 
ond, continuous  flow  for  the  season,  or  upon  the  applicant  waiving  the 
right  to  demand  water  by  quantity,  at  the  rate  of  $1.50  per  acre." 

The  great  importanc^e  attached  to  the  condition  of  a  continuous  flow 
for  the  season  does  not  seem  warmnted  when  it  is  further  agreed  that 
the  water  is  to  be  used  only  when  required.  No  one  would  be  bene- 
fited by  allowing  valuable  water  to  run  to  waste.  The  second  rate, 
$1.50  per  acre,  is  the  minimum  price  which  will  be  accepted.  At  this 
rate  the  irrigator  can  cover  his  field  to  a  depth  of  2  feet.  If  this  is 
exceeded  an  additional  payment  must  l>e  made  at  a  proportional  rate. 
Under  this  arrangement  one  farmer  might  cover  his  land  to  a  depth  of 
4  feet,  which  would  cost  $3  per  acre.  Another  might  cover  his  land 
to  a  depth  of  but  one-half  of  a  foot.  The  latter  would  have  to  pay 
$1.50  per  acre,  or  four  times  as  much  for  the  same  quantity  as  the 
former.  This  is  manifestly  unjust.  When  water  is  sold  by  the  vol- 
ume, the  rate  should  be  uniform. 

The  notice  provides  that  "  when  water  is  delivered  by  the  cubic  foot 
per  second  the  flow  shall  })e  continuous  as  far  as  possible,  and  the 
amount  contracted  for  will  be  the  maximum  amount  that  will  be  deliv- 
ered at  anv  one  time." 

The  most  ignorant  irrigator  realizes  that  a  continuous  flow  of  water, 
like  a  continual  downfall  of  rain,  would  be  injurious.  Under  this 
arrangement  the  small  farmer  who  might  otherwise  economize  is  dis- 
couraged. He  is  compelled  to  pay  for  the  greatest  quantity  used  at 
any  one  time,  no  matter  how  brief  the  duration  of  such  use.  He 
must  therefore  pay  for  enough  to  cause  it  to  flow  quickly  over  his  field, 
otherwise  the  attempt  to  irrigate  would  be  like  a  drizzling  rainfall  last- 
ing from  spring  till  autumn,  but  not  heavy  enough  at  any  time  to  wet 
the  soil. 

It  is  galling  to  the  irrigator  who  notifies  the  management  at  the  be- 
ginning of  the  season  that  he  will  require  the  same  amount  of  water 
he  used  in  previous  years  for  the  irrigjition  of  a  larger  area  to  have  this 
acreage  carefully  measured  at  the  close  of  the  season  and  his  bill  for 
the  delivery  of  water  proportionately  increased. 

A  careful  analysis  of  this  notice  shows  that  the  distribution  of  water 
^hia  system  is  diametricallv  opposed  to  every  voluntary 
»ator  to  secure  a  higher  duty. 
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The  irrigated  area  of  the  Boise  Valley  has  increased  from  about 
27,000  acres  in  1895  to  50,000  acres  in  1899.  The  increase  of  area  has 
been  chiefly  on  the  upper  or  bench  lands.  The  water  conducted  onto 
these  benches  (especially  on  the  south  side  of  the  river)  has  been  dis- 
tributed to  a  great  distance  from  the  river,  therefore  the  return  of  the 
water  taken  up  by  the  underlying  gravel  was  not  noticed  until  within 
the  last  two  or  three  years.  The  following  incident  illustrates  the 
changed  conditions  resulting  from  this  seepage. 

In  1891,  the  promoters  of  the  New  York  Canal  proposed  to  divert 
nearly  all  the  water  of  the  Boise  River  at  a  point  in  the  Boise  Canyon 
and  iiTigate  all  the  lands  lying  on  the  south  side  of  the  river  below  the 
level  of  that  line.  (See  Map,  PI.  XLIX,  p.  220.)  The  following  protest 
against  the  building  of  this  canal,  copied  from  the  public  records  of 
Ada  County,  shows  the  apprehensions  of  those  constructing  canals  and 
diverting  water  from  the  river  in  the  Caldwell  Canyon,  40  miles  below: 

Idaho  Irrigalion  and  Colomzatkm  Company  to  Idaho  Mining  and  Irrigation  Company, 

The  Idaho  Irrigation  and  Colonization  Company  to  the  Idaho  Mining  and  Irrigation 

Company  and  to  whom  it  may  concern,  greeting: 

Whereas  it  has  come  to  our  knowledge  that  a  certain  company,  viz,  The  Idaho 
Mining  and  Irrigation  Company,  has  projected  and  intends  to  the  construction  and 
enlargement  of  certain  canals  and  ditches,  viz,  the  so-called  New  York  Canal  and 
the  Phyllis  Canal,  with  the  object  of  taking  and  diverting  water  from  the  Boise  River 
in  the  State  of  Idaho  for  irrigating,  mining,  and  other  purposes;  and  whereas  we 
believe  that  all  the  water  running  in  said  river  in  time  of  low  water  has  been  filed 
upon  and  appropriated  by  individuals  and  companies  whose  priority  of  claims  and 
appropriation  must  and  will  Ix;  guarded  and  protected;  and 

Whereas  we  l)elieve  that  the  great  expense  to  which  said  Idaho  Mining  and  Irri- 
gation Company  would  be  at  in  construction  and  enlai^ment  of  said  canals  would 
result  in  great  loss  to  said  (;ompany  because  of  lack  of  water  in  the  Boise  River 
heretofore  appropriated  by  prior  claimants  to  supply  said  canals  and  ditches  con- 
structed and  enlarged  as  intendeii: 

Therefore  said  Idaho  Mining  and  Irrigation  Company  will  please  take  notice  that 
we  have  appropriated  20,000  cubic  inches,  measured  by  the  mining  laws  of  the 
United  States  and  State  of  Idaho  prescribed,  of  water  running  in  the  said  Boise 
River  for  irrigation  and  agricultural  purposes;  that  in  time  of  low  water  there  is 
barely  sufficient  unappropriated  water  running  in  said  river  to  supply  our  claim; 
that  any  diminution  in  this  supply  by  appropriation  subsequent  to  our  own  will  be 
resisted;  that  we  now  warn  said  company  that  any  taking  or  diverting  of  waters 
from  said  Boise  River  in  canals  and  ditches  constructed  and  enlarged  as  intended  by 
said  company  will  cause  a  diminution  of  water  appropriated  and  used  by  us,  and 
therefore  that  the  proix)sed  construction  and  enlargement  of  canals  and  ditches  by 
said  company  is  unwarranted  and  the  taking  and  diverting  of  water  as  intended 
will  be  unlawful  and  the  great  expense  incident  to  said  work  must  result  in  great 
financial  loss  to  said  company. 

Idaho  Irrigation  and  Colonization  Company. 

This  protest  was  tiled  in  1891.  At  that  time  not  more  than  4,000 
acres  of  bench  land  were  irrigated  from  the  Boise  River.  The  plans 
of  the  company  referred  to  contemplated  the  construction  of  storage 
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Hvera|re  combined  irrigating  bead  of  tbese  canals  at  1,4 
[XT  s(H;ond.  This  volume  irrigated  50,000  acres  during  ] 
was,  of  courses  considerable  Iobs  from  tieepage  and  evapo: 
main  canals  and  laterals  during  the  hottest  weather.  Thi 
been  (ietennined,  but  from  the  nature  of  the  soil  loss  f 
i*ould  not  have  Inhmi  ver}'  great.  Assuming,  however,  t 
bined  loss  is  (M|ual  to  80  pi^.r  t^nt  of  the  volume  diverted  fr^ 
tiie  net  su|)[)ly  delivt^red  at  the  fields  for  irrigation  would 
feet  per  second.  This  allows  an  average  duty  of  51  ac 
cul)i(*  foot  {MM'  second  of  water  diverted.  Nine  hundrec 
cubic  feet  |hm*  second  flowing  onto  60,000  acres  of  land  £ 
days  will  cover  it  to  a  depth  of  1.21  feet.  We  find  that 
under  the  Kust  Lateral  used  during  the  month  of  July,  1 
of  1.15  feet,  which  approximates  the  average  duty  obtaii 
out  tlu*  vall(\v.  In  the  case  of  Mr.  Long,  however,  we  find 
of  O.S72  f(M)t  during  the  month  of  July  was  8ufl5cient« 
the  methods  employed  by  Mr.  I^ong  were  not  unusual,  it 
sonabic  to  insist  that  82  ]mm*  cent  more  land  under  the  1 
(*ould  hav(^  been  irri^ited  during  that  month  with  the  s 
water.  When  the  available  supply  in  the  river  is  only  1,2! 
IMT  second  there  should  be  suiticient  water  to  pmperly  in 
a<Tes,  after  deducting  SO  per  (»ent  due  to  loss  from  seepa^ 
oration.  This  would  recjuire  a  duty  of  70.5  acres  for  eac 
per  second  of  water  applied  to  the  land.  No  account  is  t 
the  amount  which  runs  otT  the  land  during  its  irrigation. 
collected  in  dminage  ditches  and  appli(Hi  to  the  lower  Ian< 
gated  an*a  might  be  increased  by  |K»rhaps  30  per  cent. 
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there  will  be  left  706  cubic  feet  per  second  for  the  irrigation  of  grain, 
which  will  mature  before  the  low-water  stage  is  reached.  Assuming 
that  each  cubic  foot  per  second  of  this  water  will  irrigate  64.1  acres,  it 
will  be  sufficient  for  the  growth  of  45,254  acre^j  of  grain,  making  in  all 
128,254  acres  which  might  be  watered.  This  estimate  will,  perhaps, 
seem  high  to  many  irrigators  in  the  valley,  but  this  is  because  they 
have  become  ac<^ustomed  to  the  waste  which  is  now  so  prevalent. 

The  Boise  and  Nampa  Canal  delivered  daily  700  acre-feet  of  water 
to  only  17,100  acres,  equivalent  to  a  depth  of  1.27  feet  during  both 
July  and  August,  or  to  a  daily  rainfall  of  nearly  one-half  an  inch. 

The  Settlers'  Canal  delivered  180  acre-feet  daily  on  5,000  acres. 
Being  a  short  canal,  the  loss  from  seepage  and  evaporation  was  slight. 
This  was  equal  to  a  layer  1.13  feet  deep  in  both  July  and  August. 

Assuming  that  the  Phyllis  Canal  discharged  daily  160  acre-feet  dur- 
ing both  July  and  August,  there  was  delivered  to  the  3,000  acres 
under  it  sufficient  water  to  cover  it  to  a  depth  of  1.65  feet,  or  an 
amount  nearly  equal  to  the  rainfall  in  tho  State  of  Towa  from  May  1 
to  September  30,  1899. 

The  Sebree  Canal  delivered  320  acre-feet  dailv.  This  volume  would 
cover  the  7,000  acres  of  land  watered  by  it  to  a  depth  of  1.42  feet  dur- 
ing the  months  of  July  and  August.  The  canals  and  diU^hes  on  the 
first  bottom  delivered  water  at  the  rate  of  ''1  inch  to  the  acre," 
which  would  cover  the  land  to  a  depth  of  1.24  feet  in  thirty -one  days. 

In  some  portions  of  the  State  the  duty  of  water  is  nearly  twice  as 
great  as  in  the  Boise  Valley.  If  the  farmers  of  this  valley  are  dis- 
posed to  continue  the  present  system,  then  the  duty  of  water  will 
remain  low,  the  cost  of  water  per  acre  high,  and  storage  works  for 
sufficient  water  to  irrigate  more  than  one-half  the  area  lying  below 
the  present  canals  must  l)e  provided.  If  economical  methods  are 
inaugurated  the  cost  of  reservoirs  to  provide  water  for  the  irrigation 
of  the  remainder  of  the  land  will  be  proportionately  decreased. 

BELATIGN  OF  DUTY    OF   WATER  TO  THE   FUTUKE   OF  THE 

VALLEY. 

Of  the  land  embraced  within  the  boundaries  of  irrigation  canals 
constructed  and  projected  in  the  Boise  Valley,  88,440  acres  have  been 
acquired  under  the  homestead  act,  59,440  acres  by  purchase,  53,000 
acres  under  the  desert-land  laws,  65,840  acres  have  been  selected  by 
the  State  of  Idaho,  and  183,080  acres  are  vacant  public  lands.  Of 
these  lands,  96,000  acres  are  waste,  or  above  the  level  of  C4inals,  leav- 
ing 310,000  acres  susceptible  of  irrigation.  Of  the  262,920  acres  of 
land  which  have  passed  from  the  public  domain,  184,859  acres  have 
been  patented.  The  assessed  valuation  of  property  in  the  Boise  Valley 
made  in  April,  1891,  exclusive  of  the  value  of  canals,  and  three-fourths 
the  value  o-*  "  '     the  city  of  Boise  was  ^3,268,000,  or  a  real 
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extended.  This  progress  in  the  beneficial  use  of  water  is  going  on  at 
the  same  time  under  the  ditches  last  built  and  those  first  constructed. 
The  benefits  to  the  State  from  the  labors  of  a  settler  under  a  new  ditch 
are  as  great  as  from  those  who  settled  under  the  earlier  ones,  and  it 
is  simply  a  matter  of  chance  which  has  the  older  citizenship.  Where 
settlers  come  to  the  State  the  same  year,  file  on  land  the  same  season, 
and  use  water  in  the  same  fashion,  it  is  not  easy  to  understand  why 
they  have  not  an  equal  right  to  the  use  of  the  State's  public  water 
supply,  but  there  are  some  to  whom  this  doctrine  is  heresy.  The 
latter  hold  that  the  earlier  ditches  have  exclusive  rights  and  that  to 
protect  these  there  should  be  an  immediate  adjudication,  having  for 
its  purpose  the  determination  of  which  ditch  should  be  allowed  to 
increase  its  usefulness  and  which  denied  the  privilege. 

CONCLUSIONS. 

The  investigations  which  form  the  basis  of  this  report  show  that  a 
knowledge  of  the  conditions  which  influence  the  duty  of  water  is  a 
fundamental  necessity  in  the  improvement  of  irrigation  methods. 
The  most  effective  method  of  promoting  economy  is  to  show  the  loss 
produced  by  waste.  This  is  what  the  studies  of  the  duty  of  water  now 
being  caiTied  on  by  the  United  States  Department  of  Agriculture  are 
doing.  The  results  of  the  first  year's  measurements  in  this  valley 
show  that  fullv  one-half  of  the  water  now  diverted  hv  canals  is  wavSted. 
It  also  shows  that  it  is  possible  to  reclaim  more  than  twice  the  area  of 
land  now  watered  without  any  enlargement  of  the  (*anals  now  in  use. 
The  surest  way  to  bring  this  about  is  to  have  water  contracts  provide 
that  canal  companies  shall  measure  the  volume  delivered  and  farmers 
pay  for  only  what  they  receive. 

INFLUENCE    OF    THE    CHARACTER    OF   WATER-RIGHT   <X)NTRACTS   ON   THE 

DITTl^    OF   WATER. 

(1)  When  farmers  are  charged  for  water  according  to  the  number  of 
acres  they  irrigate,  the  temptation  is  to  use  the  largest  volume  afforded 
them  rather  than  the  quantity  needed. 

(2)  This  system  requires  a  constant  flow,  and  when  no  rebate  is 
given  for  the  time  water  is  shut  off  the  tendency  is  to  permit  it  to 
run  continuously.  The  volume  wasted  is  often  a  large  percentage  of 
the  volume  supplied.  Waste  robs  the  canal  company  directly  and  the 
farmer  indirectly  by  reducing  the  productiveness  of  his  farm. 

(8)  Were  the  charge  for  water  based  on  the*  vohune  used,  the  loss 
from  waste  would  be  borne  wholly  by  the  irrigator,  as  it  should  be. 

(4)  A  charge  for  the  volume  employed  would  result  in  a  more  bene- 
ficial use  of  water.  A  larg(n-  area  could  then  be  irrigated  and  rev- 
enues derived  from  the  sale  of  water  would  increase. 
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(5)  Under  such  administratioD  the  fanner  would  carefully  prepi 
the  Hurfiu-e  of  hit<  fieldn  in  order  that  the  water  mig'bt  be  applied 
the  shurt4>Kt  po^wihle  time.  He  would  etidearor  to  determine  1 
quantity  of  water  actually  required  to  produce  the  best  results.  H 
an  intercut  would  )h>  cncour^^d  in  the  more  accurate  and  ecieoti 
features  of  farming,  which  are  alwayu  of  incalculable  benefit  to  ere 
community. 

(6)  The  inauguration  of  a  uniform  system  of  rotatioo  would  tend 
ioureaiic  the  duty  of  water  and  prop>ortionately  reduce  the  oort 
irrigation.  In  order  to  properly  carry  this  into  effect,  laterals  i 
boxen  should  alwayn  )>e  in  good  condition. 

(7)  Wheti  this  HVKti^ui  U  established,  irrigation  on  each  tract 
redurad  to  a  routine,  every  farmer  knowing  in  advance  what  mi 
head  of  water  he  i.s  entitled  to  and  the  length  of  time  it  will  flow  oi 
his  land.  I'ndcr  this  jtlan  he  is  also  afforded  an  incentive  to  redi 
the  amount  used  by  iruiiroving  hix  methods  of  cultivation  and 
distributing  the  water  uftiT  it  ent««rM  hiM  fields. 

(H)  The  eompany  should  eonstnu-t  a  drainage  nysteni  througfat 
the  entiit!  distriet  connecting  all  swampy  places  with  natursl  wa 
ways,  and  th(«  water  thus  drained  fi-om  the  land  should  be  under 
control  for  distribution. 
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XET'N  No,  87, 

U.  S.  DEPARTMENT  OF  AGRICULTURE, 

OFFICE   OP   EXPERIMENT   STATIONS, 
A.  C.  TRUE,  Director, 


RIGATION  IN  NEW  JERSEY. 


EDWARD    B.  VOORHEES,  M.  A., 

w  .Ycir  yerwy  Affrinihunil  Experimtid  NUilitmn  and  Profat 
of  AgritMtture  Ratgen  CoUegt. 


"TTNGTON: 

PING    OFFICE. 


LETTER  OP  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

WashijKjton,  I),  C,  July  IK  1000. 
Sir:  T  have  the  honor  to  transmit  hei'ewith  and  to  recommend  for 
publication  as  a  bulletin  of  this  Office  a  paper  on  Irrigation  in  New 
Jei*sey  by  Prof.   EMward  B.  Voorhees,  director  of  the  New  'Jersey 
Agricultural  Experiment  Stations. 

This  bulletin  has  been  prepared  under  the  supervision  of  Mr. 
Elwood  Mead,  expert  in  charge  of  the  irrigation  investigations  of  this 
Office,  and  reports  the  results  of  experiments  conducted  for  the  purpose 
of  determining  whether  irrigation  during  short  periods  of  drought  in 
regions  where  the  rainfall  is  usually  sufficient  for  the  maxinmui  growth 
of  crops  will  sufficiently  increase  the  yield  to  pay  for  the  works 
necessary  to  obtain  the  supply  of  water. 

So  far  as  rainfall  conditions  are  (;oncerned,  New  Jersey  belongs  to 
the  so-called  humid  region,  and  may  be  considered  typical  of  the 
whole  eastern  half  of  the  United  States.  Judging  from  the  results 
reported  in  this  bulletin,  there  seems  to  be  no  doubt  that  irrigation  for 
fruits  and  market  gardens,  even  in  regions  where  rainfall  is  normally 
abundant,  is  a  profitable  undertaking.  The  work  in  New  Jersey  is  a 
part  of  an  investigation  of  the  problems  of  irrigation  now  being  car- 
ried on  by  the  Office  of  Experiment  Stations  in  different  regions  of 
the  United  States,  the  results  of  which  have  been  partially  reported  in 
previous  bulletins  of  this  series. 

Respectfully,  A.  C.  True, 

Director, 
Hon.  James  Wilson, 

Sfcretary  of  A(friculture, 
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IRRIGATION  IN  NEW  JERSEY. 


IHTRODUCTIOK. 

Little  importance  has  thus  far  been  attached  to  the  matter  of  irriga- 
tion in  the  Eastern  States.  This  is  due  in  large  part  to  the  fact  that  the 
rainfall  is  usually  sufficient  to  meet  the  needs  of  vegetation  and  because 
serious  or  long  protracted  droughts  ai'e  the  exception  rather  than 
the  i-ule.  Owing,  however,  to  the  changes  which  have  taken  place  in 
recent  years  in  the  charac^ter  of  the  fanning,  attention  has  been 
aroused  to  the  importance  of  controlling  the  moisture  of  soils  rather 
than  accrepting  the  conditions  as  they  exist,  and  a  deficiency  of  i*ainfall 
for  even  a  short  period  is  now  found  to  be  more  disastrous  than  the 
long  periods  of  drought  under  old  conditions  of  farm  practice,  though, 
even  under  extensive  systems  of  farming,  the  losses  from  drought  are 
often  very  serious.  For  example,  in  the  season  of  1899  it  was  so  dry 
in  May  and  early  June  that  the  yield  of  hay,  an  important  crop  in 
the  East,  was  very  light  in  New  Jersey.  The  shortage  in  this  crop 
amounted  to  more  than  one-half,  which  at  a  low  estimate  averaged 
^0  per  farm,  or  a  loss  of  more  than  $1,500,000  for  the  State.  In  the 
dairy  regions  the  deficiency  of  rainfall  also  materially  reduced  the 
yield  of  the  pasture  and  early  forage  crops,  thus  affecting  the  returns 
from  this  branch  of  fanning.  So  seriously  does  a  deficiency  of  rainfall 
affect  the  dairy  interests  that  many  progressive  farmers  now  regularly 
plant  a  supplementary  crop  to  provide  sufficient  forage  in  case  of 
drought.  It  pays  better  to  hav^e  an  excess  of  forage,  which  may  be 
wasted  in  part,  in  a  good  season,  than  to  have  a  shortage.  The  defi- 
ciency of  minfall  in  1899  also  resulted  in  verj'  serious  injury  to  early 
crops,  particularly  asparagus,  strawberries,  and  other  berries;  early 
beets  and  many  other  impoiiant  early  crops  were  also  affected.  It  is 
perhaps  not  pi-acticable,  and  it  may  not  be  possible,  in  many  parts  of 
the  Ea.st  to  provide  for  the  irrigation  of  the  entire  farm  area.  It  is 
not  known  how  far  it  would  ho  practicable ;  henc^  it  is  eminently  desir- 
a!)le  that  inquiry  should  !)e  made  concerning  the  question  in  the  East 
and  that  experiments  be  carried  out  to  determine  whether  a  largely 
increased  yield  may  be  expected  from  irrigation,  and  thus  show 
whether  it  is  likely  to  prove  a  pi-acticablc  and  profitable  undertaking. 


10  IKKtUATIUN   IS    NKW   JKBMeV. 

SHORTAGE  OF  WATEB  IN  HXnCXD  BBOIOITS. 
The  fai-t  that  tlic  rDiKlitionn  in  tliK  l<jwt  un>  htiirh  hh  Ui  innk<>  it  xe»a 
that  tlicrr  is  tin  itbuiiiluncft  of  wuti>r  ha»  u1m>  tcriilttl  U*  (ilMi'urf  tlic  rml 
iiiilMirluiKr  of  tlio  iiiiostion-  niiiix  do  citinR,  and  thou  the  iioivroiity  iinj 
|x)ssi))I<'  ft(lvimta)ri>pi  nf  irrif^ti<iii  Hn>  lost  sif^ht  of  or  fi>Tgntten  until 
aiiothcr  dioii^hl  >>i'<-iirs. 

In  NVw  .Ici-noj-  the  ncoil  for  inifration  i«  not  iippniviit  wh<>n  thr 
avi'ni^  ainiiml  niinfall  is  i-onsidoiwi.  ThL*  varipM  from  44.09  iiK-bc» 
in  llii>  noi-thw(>i<t  to  4!<.T  iiichos  on  the  rn'Mtoast,  thouj^fh  the  aiinuil 
]>n><-ipil(itioii  (H'casiomilly  sinks  as  lowasHl.Oij  tiivhes  in  Home  ImiIi- 
lies,  whii'h  is  as  low  as  the  aiiniml  rainfall  on  tht>  Ivordcr  of  tho  sub- 
humid  ii')rioiis  of  llic  West,  and  dniuj^hts  during;  the  growing  iiionthjt— 
A|iril  (o  Aiiffust.  inchisivp  -wliirh  result  in  ii  very  (■oiiHidcinIile  I(»s«. 
iM-eur  uioiv  fn<t|uently  than  is  {xipularly  supiKised,  In  other  words, 
the  averajp'  minfall.  while  sufiicient  to  meet  the  needs,  if  propt^rly  ilis- 
triliuted,  is  found  to  1m>  very  unevenly  distrihuted.  Besides,  much  <if 
the  iiiiii  that  falls  durintf  the  summer  luontiis  proves  of  little  service. 
as  the  rlashin^  showers,  so  eommon  in  sunnuer.  do  not  |H'netnite  the 
soli  ns  do  the  eurly  spriuy  and  late  fall  ruins,  and  u  larjre  proixirtinn 
runs  frt)m  the  surface.  Thus  the  statement  of  monthly  minfall.  nr 
even  that  durin;;  the  trrowin^r  season,  is  not  a  jruide  us  to  its  effieiemy 
unless  aeeom[mii  led  I  ly  stilt  emeu  Is  as  to  the  elniraeter  of  the  fall.  In 
a  liu>ri'  iH-reentajre  of  years  there  ni-e  one  <ir  two  months  during;  wliieh 
the  delieiem-v  of  minfall  is  so  seri<nis  ns  to  emise  a  marked  if  not  un 
entire  loss  of  erop. 

As  an  illustration  of  this  iN>iiit  the  followin<r  <kta  fi-oin  the  Itut^^i'i^ 
College  fariu  I'eeonlsare  inleivstin^':  In  |S!i7  and  |N!'S,  yeurs  <if  aliiin- 
dant  rainfall  in  April  nnd  Miiy,  (h<'  yiet<l  of  Intv avenijjetl  -J. art  tons  jkt 
■tionover  I  lini,  "win^j  to  the  delieieiiiT 
lit  tin'  l-.w  jiriiv  of  ?llo  i»T  ton,  a  liis-^ 
Tile  yield  of  eriuisou-elov<'r  forufri-  for 
ai-iv:  in  ISiili  the-  yii-hl  wiis  hnt  r.  tons. 

>  7n  (H-i il  jrii'ati-r.     The  detieienev 

riod  was  alone  responsible  for  thisdif- 


aeif.  In  ISii'.i  it  was  Imt  ti  fr 
of  minfall  in  April  and  May 
for  the  L'.->aeivs<.f  overijUiin. 
IW'Tiuid  IS'is  Wits. s..-.  tons  1)1 
orina;rood  year  the  yield  » 
Ml  the  niinfall  at  l)ie  i-ritieal  i 


fen-nee  in  yield,  as  the  eateli  w:i- 
and  as  well  prepan-il  and  ferlili;! 
fall.  (>al  and  )H>a  fom(;e  in  IM> 
ajred  tl   Ions  imt  acre;   in    1S!HP 


jroiKl  iiiid  Ihe  hmtl  <|nite  us  feililf 
ed  !is  in  the  years  of  almndant  niin- 
Tand  tile  early  sei^dinir  uf  ISiiS  aver- 
li..  yield  was  Imt  ;!.:t  tons.  Tlh"-- 
liyures  from  the  earefully  kept  reeonls  of  the  farm  show  thsil  a  -^itort- 
ajre  of  water  at  eriti<al  jieriods  of  ;;i-owth  does  result  in  serion^h 
reduein;jtlie  returns  tliat  i-oiild  i-easonalily  iM-exiH-eted  iiiidcr  favonilili' 
eonditioiis. 

The  rainfall  reeords  in  1'hihidelpliia  from  18:^.5  to  1S1I5  (To  years), 
for  exaiuiile,  show  that  in  ss  )H-r  t  i>f  the  years  thc!i*e  wiis  a  deti- 
eienev o!  over  \  \tte\\  \v<\  inw  wwrnVV.  "\-  \W\  Vw  ti-i  years  out  of  the  'V 
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there  was  oik*  month  in  the  ^rowinj^  season  from  April  to  August  in 
which  such  a  marked  deficiency  occurred  as  to  cause  a  serious  short- 
age of  crop,  and  that  for  the  same  period  th(»re  were  81)  years  in  which 
the  deficiency  extended  throughout  two  months,  while  in  21  years  it 
extended  throughout  three  months,  or  in  30  per  cent  of  the  years 
included  in  this  record  there  were  three  months  during  the  growing 
period  in  which  the  avei-age  rainfall  was  defici^t  1  inch  or  more.  It 
is  thus  observed  that  a  wide  series  of  crops  would  be  likely  to  suffer 
in  more  than  one-half  of  the  years  for  which  the  record  is  available, 
while  a  still  larger  number  would  suffer  in  nearly  one-third  of  the 
years,  for  it  must  be  remembered  that  even  a  slight  deficiency  in  one 
month  may  result  in  serious  reduction  in  yield  and  consequent  loss  if 
it  occurs  at  the  time  when  the  crop  is  making  its  largest  development, 
as,  for  example,  the  grasses  in  May,  and  other  forage  crops  in  June  or 
July  or  August;  or  when  the  crops  are  ripening,  as  berries  in  June  or 
July;  or  in  the  case  of  the  growth  of  vegetables,  whose  whole  p)eriod 
of  growth  is  included  in  one  month. 

AMOUNT  OF  WATER  REaUTRED. 

Tn  making  plans  for  irrigation,  however,  it  is  desirable  to  have 
definite  data  in  reference  to  the  water  needed  as  a  basis  for  calculation. 
As  already  pointed  out,  the  average  rainfall  in  New  Jei*sey  represents 
conditions  very  favora})le  to  good  crops,  provided  the  distribution  is 
relatively  uniform  throughout  the  growing  season;  hence  the  amount 
necessary  for  irrigation  may  be  safely  estimated  to  be  the  difference 
between  the  avenige  and  the  minimum  rainfall  for  the  various  periods. 
The  lowest  amount  of  minfall  from  April  to  August,  1880  to  1895, 
inclusive,  is  found  to  \wt  9.38  inches,  and  by  seasons  the  lowest  for  the 
spring,  5.23  inches,  and  for  the  summer,  4.62  inches.* 

In  the  southern  part  of  New  Jersey,  therefore,  an  equivalent  of  12 
inches  of  rainfall  will  be  required  for  the  whole  growing  season  in 
certain  years,  and  for  certain  months  an  equivalent  of  4  inches  will 
be  recjuired,  in  order  that  the  deficiency  may  be  met.  The  irrigation 
problem,  so  far  as  water  requirements  are  concerned,  is  therefore  a 
more  complicated  one  in  the  East  than  in  the  arid  regions,  since  in 
a  certain  number  of  years  very  little  may  be  required,  while  in  cer- 
tain other  vears  the  maximum  of  12  inches  mav  be  necessary.  The 
cnpacity  of  irrigation  works  nmst  be  sufficient  to  meet  the  max- 
imum HMiuirements,  though  maximum  demands  will  not  be  made, 
judging  from  psist  records,  oftener  than  once  in  three  years. 

STORAGE  OF  WATER. 

Investigations  of  the  discharge  of  streams  in  southern  New  Jersey 
show  that,  with  storage  plants,  an  equivalent  of  12  inches  of  minfall 

»  U.  S.  T)ept.  Agr., Office  of  Ex|>eritnent  Stationn  Bill.  'Ml 


mo  pnwau-ability  of  Htonige  worfcn  w  Oeterminea,  tor  to 
in  thin  MHrtion  of  the  State  are  fevonMe  to  a  low  cost  < 
by  tnt-aim  of  ctitialtt  and  dit«;heii,  and  it  in  eiitiinated  that 
t-un  Ih<  wfttpifd  without  the  uxe  of  storage  reHervoire  at  a  < 
IfH  per  U4-rc,  not  includinff  tho  annual  coHt  of  applicstic 
(>n<^-tiftli  of  thJK.  15,000  acres,  or  even  a  murh  smallei 
brou|rht  undor  irrigation  in  thiu  way,  it  would  enable  tl 
of  data  which  would  help  to  detennine  whether  the  moi 
8torag(>  plantit  would  l>e  likely  to  prove  a  financial  sucxjesi 
gable  anil  mny  alw  bo  largely  increased  without  atorage, 
f  nttii  wcUk.  The  areas  thua  available  for  irrigation  are 
under  cultivation,  and  it  w  estimated  that  175,000  aores  c 
gatfd  in  thiu  way.  Wells  capable  of  providing  S5,000 
day,  or  sufficient  water  for  an  area  of  10  acres,  are  fou 
parts  of  Kouthi-rn  New  Jersey,  yet,  aside  from  this,  it  has 
that  tlipri-  is  enough  water  wasted  annually  to  irrigate  the 
during  the  driest  year,  and,  negle<'ting  what  may  be  watei 
fully  3:ifl.tKM)  iicn'H  may  1k>  brought  under  water,* 

OULTIVATIOH. 

It  iu  well  for  thorn  who  (wntcmplatc  irrigation,  faowevei 
Ivor'  that  while  witte,r  is  the  essential  thing  in  tiincH  of  droug 
other  conditions  which  should  t>e  considered  quite  aH  ca 
no  water  in  to  l>e  applied.  That  is,  if  the  full  duty  of  wt 
attained,  the  land  ujmn  which  it  is  to  l>e  applied  should 
prepared  and  nieaHures  taken  to  conserve  not  only  natui 
ticial  supplies.    The  <-hanu-t(U-  of  the  soil  and  subsoil,  the 
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encourage  a  slow  ixjiietration  of  water,  with  a  maximum  tendency  to 
run  off.  In  the  former  i^aae  preliminary  preparation  is  not  required 
and  the  application  should  be  such  as  to  gradually  and  continuously  sup- 
ply needs,  while  in  the  latter  ease  the  soil  should  be  cultivated  to  full 
depth — subsoiled,  if  need  be — and  the  surface  particles  made  extremely 
fine,  in  order  to  encourage  the  percolation  and  absorption  of  the  water, 
and  after  the  application  of  water  it  should  be  cultivated  frequently,  in 
order  to  prevent  the  rapid  escape  of  the  water  into  the  atmosphere. 
These  are  points  well  undei*stood  by  the  progressive  farmer,  but  with 
an  abundant  supply  of  water  the  tendency  would  be  to  rely  too  much 
ujHyn  the  artificial  source  of  supply,  and  thus  cause  a  waste.  It  is  to  be 
remembered,  too,  that  water  alone  will  not  produce  a  crop;  the  land 
must  be  made  fertile,  and  because  of  the  lai^ger  crops  consequent  upon 
irrigation  there  will  be  a  greater  necessity  for  supplying  fertilizers 
than  if  a  crop  fails  through  lack  of  water  once  in  two  or  three  years. 

TIME   OF  APPLYINO  WATEB. 

Expcn-ience  has  shown  that  the  best  method  of  irrigation  in  the  arid 
region  is  to  give  tho  land  thorough  soakings  at  considerable  intervals 
of  time.  In  that  region  the  rainfall  during  the  growing  season  is  so 
small  as  not  to  enter  into  the  calculations.  In  New  Jersey,  however, 
sudden  showers,  which  result  in  a  rainfall  of  from  2  to  3  inches,  are  not 
unusual.  If  these  come  immediately  or  soon  after  the  application  of 
1  inch  or  more  of  water  by  irrigation,  and  the  storm  is  followed,  as 
frequently  happens,  by  damp,  muggy  weather,  the  effect  of  the  irri- 
gation may  be  to  decrease  the  crop  rather  than  increase  it,  as  excessive 
amounts  of  moisture  under  the  conditions  mentioned  are  conducive  to 
the  i-apid  spread  of  blights,  diseases,  rots,  etc.,  which  are  likely  to 
reduce  the  yield,  and  in  many  cases  prove  quite  as  disastrous  as  a  defi- 
ciency of  water.  This  is  particularly  true  in  the  case  of  melons,  pota- 
toes, berries,  etc.  ^  it  would  not,  of  course,  be  the  case  with  the 
cereals,  the  grasses,  or  the  summer  forage  crops.  In  irrigating  in 
this  region  it  has  been  found  to  be  a  more  prudent  plan  to  use  the 
water  more  fre(|ucntly  and  in  less  amounts  than  is  usual  in  the  arid 
districts.  This,  while  more  expensive  of  time,  obviates  the  danger 
here  pointed  out.  It  has  been  the  practice  here  to  begin  the  irriga- 
tion when  the  surface  soil  became  dry  and  before  the  plants  show  anj' 
sign  of  suffering,  and  then  to  apply  such  an  amount  as  will  thoroughly 
moisten  the  soil  and  keep  the  crops  growing.  The  dryness  of  the  soil 
when  necessary  to  begin,  and  its  moisture  when  the  irrigation  should 
be  stopped,  are  matters  that  can  be  learned  from  experience.  The 
records  of  applications  and  the  results  obtained,  on  subsequent  pages, 
show  what  the  practice  at  the  New  Jersey  Station  is  in  the  matter  of 
application  and  the  gains  from  the  added  water.    T»  ^^-^  object 

was  to  keep  the  soil  moist,  which  term  will  b^  all 


\k 

i 


thonmplih-  mntkcd  into  the  wtil,  the  furruws  aru  turned  1 
wholt!  cultivuh'd, 

BXPSBIHEirrS  IN  IBRIOATIHO  SMALL  TKVITS,  1898 

Tbo  pliiii  uiid  s>'(i[M^  uf  tli«  work  undertaken  aru  fully  cx) 
earlier  Inilli-lin  of  this  olfieo.*  although  a  lirief  demtriptiui 
hfn'.  Thi>  <-\]HTiiit(Mt  giimnd  eontainn  Taeres,  8eparut«) 
foet  wide  into  thit-e  divisiuriK,  tho  higher  f^nittncl  in  the 
xion.  Tin-  loiM>gni|ihy  of  the  un'u  «howH  a  full  hf  lt.23  fo 
highest  to  the  lowest  ]K)iiiti<,  and  that  upcm  a  large,  portioi 
there  is  a  ii'n.«<inalile  uiiifoniiity  in  the  Hlop*;  of  tho  Ian 
niittiiig  a  ready  and  miffidently  nipid  flow  of  water.  T 
Mujtplied  )iy  a  :i-iiieh  iiiuin,  whieh  loinit  through  thn  niidt 
tJ-es  are  jilaeed  e\cry  "'>  feet,  f  nini  whieh  laterals,  1  inch 
el4'r.  are  canifd  Ixith  north  and  wmth,  ending  in  hydra 
feet  from  tlie  ^rrouiid,  and  provided  with  faiieets  to  whic 
U-  attailu-d  for  distiitmting  the  water.  Tlie  fall  from  the 
alxiiit  It  feet,  tluis  alTiinling  a  rea-wmahly  nipid  flow  fntni  i 
and  the  supply  is  ample  for  the  inaxiiiimii  demands  for  irr 
jxisi-s. 

The  division  lying  on  the  south  eontains  a^Mjiit  2  a* 
divided  into  four  plats.  The  plats  vary  in  size  ae<-oi*diiig 
twr  of  varieties  of  cmiw  inelnded,  as  well  as  the  diHtaii(*<! 
niws.  thon}.'li  the  irrigated  and  unirrigated  plat;*  for  eat 
vuriclv  iii-K  ..r  ll...  ^Mi.i.-  ^i'/..    10I.I  \u  idl  i>.i^i-s    with  tho  iv.u 
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The  results  published  here  were  obtained  from  plants  set  in  the 
spring  of  181)6,  and  include  only  blackberries,  raspberries,  gooseber- 
ries, and  currants,  as  indica,ted,  as  the  crops  from  the  asparagus  and 
from  the  otlier  fruits  have  not  yet  been  large  enough  to  permit  of  a 
fair  comparison.  All  the  crops  have  been  irrigated,  the  necessity  for 
which  is  shown  in  the  accompanying  meteorological  table: 

Yearhj  preripiint'um  on  the  ej-jHTunent  (grounds  for  the  tjears  ended  October  31^  1896^  /A97, 

1898,  and  1899. 


Yonr. 

1           ■           1 
Nov.      lhH\      Jan. 

Itu'hrtt.  Inehftt.  Inrftrti. 

Fob. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
InchcH. 

Sopt. 

Oct.     Total. 

Inrhe*. 

Invhf*.  Inchrx. 

Inches. 

Inches. 

Inchf*. 

Inches. 

Inches.  Inches. 

IrrWi.  •  •  . 

3.41  '    '2.6K       l.<i8       5.H5 

6.92 

1.41 

8.70       4.93 

4.37 

2.42 

4.81 

1.62 

W.79 

1897 

2.U5       1.59  j     2.39 

2.77 

2.47 

3.47 

6.45 

2.50 

12.84 

3.81 

2.10 

1.50 

42.80 

irl«ff^,  ... 

•I..V2       r».09  1     3.92 

8.49 

8.09 

4.17 

7.86 

1.13 

3.91 

6.44 

1.46 

5.80 

44.9:) 

Icwil.  •  •  • 

7.14  ,    3.16       4.88 

5.37 

6.  (a 

l.ftO       2.04       3.M 

1 

6.32 

3.45 

7.80 

2.96 

50.88 

It  will  be  observed  that  in  each  ve^r  there  was  one  or  more  months 
in  the  growing  season,  April  to  August,  in  which  there  was  a  decided 
deficiency  in  rainfall — April  and  August  in  1806,  June  in  185)7,  June 
in  1808,  and  April  and  May  in  181H).  The  drought  was  very  severe  in 
1898,  and  came  at  a  time  when  blackberries  especially  were  in  greatest 
need  of  water. 

The  table  given  below  shows  the  times  of  irrigation  and  the  amounts 
of  water  applied  during  the  four  years  for  the  different  crops,  and  also 
a  comparison  of  water  applied  and  normal  minfall: 

Jhitc  (tf  tipplictUion  of  vf tier  ftnd.  nmount  tuwA  iter  phtt. 

BLACKBERRIE.K. 


Year. 


Date  of  application. 


1S*H-. 


May  IC. 

JUIU'8 


Total 


1W>7 


Junf21 
.huio2y 
JulvH.. 


Total 


IS'.W 


Juni*  2') 
.1  UIK'  'M) 
Julv  5. . 
JulV9.. 
Julv  ir>. 
Julv  26. 


Total 


1899 


May  21'. 
June  :i 


Amount 
applied. 


GnUons. 

825 

1,096 


1,921 


500 
480 
350 


1.390 


800 
450 
1.035 
450 
200 
225 


3,  KiO 


500 
1.023 


E<iual  t<> 
inches  of ! 
rainfall. 

Rainfall. 

Rainfall 

plUK 

Irriifa- 
tion. 

Normal 
rainfall. 

0.79  ! 

Inchts. 

Inches. 

Inches. 

1.06 

i.a^ 

5.11 

6.96 

7.54 

.47 

.46. 

1 

.33 

1.26 


.62 
.45 
1.00 
.45 
.21 
.23 


2.96 


.47 
.98 


2.50 


8.76  , 


3.a> 


.J              .  1         

5.04 

8.00 

7.33 

' 

Total. 


ljy£.\ 


1.45 


5.58 


7.03 


7.23 


ir-ir.  Ill 


'.:r 


ILLUSTRATIONS. 


Fir,.  1 .  Irrigation  plant  of  George  A.  Mitchell 'M 

2.  i  ralvanize<l  iron  distrilmter  for  water  ho**e ',\2 

X   Plan  of  irrigation  i)lant  of  W.  P.  Stoke^^ 3:^ 

4.   Irrigation  HVHtem  of  William  Ash  <fe  Sons 36 

Irrigation  HVHteni  of  Cuno  Becker '. 37 


n. 


I 


iiTif^ted  plabt  wci-r^  liirgc,  nwri-t.  )ind  stiix-uieiit,  wbile  t 
iiiiitTi)rat(Hl  woniKnmll.  wjur,  unci  liurd.  Tiu-  only  *'*"icleno« 
in  the  vane  of  th«  lilticklKTiies  hu-  tho  fmt  ihnt  tht*y  wer 

BLACKBESSUZ8. 
Thi<  following?  taM<M)f  >1>-I(1-.  of  liW-klierritw  in  IK9San 
thatdiffvi-cnt  viiripliffs  uf  tlii*  I'niil  lUtfcr  widely  in  rof«n 
drought-rosintiiijj  pinvcr,  and  con-i'iiueiitly  in  Uif  bi'i 
dcrivpti  from  iri-igation.     Simr  only  t^^  I  i""'  ^  rrpn 
>>e  regarded  as  gooii  c-oiiditioim  uf  insnariag,  tho  yiek 
only  an'  i-onMideivcl : 

i'ii-litr  tif  hliirklMTfirt  /rr  imr  mi  irri-i':l.  ■! 


KhiIv  llnrv,.«: 

lialiilRiiii  Irrlinlli 
KWym  it.: 

lfflKi""1 

riitrrlK«li-l 

IMn  Inim  Irrknti. 


w )  — a.  i»i 
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A  study  of  tht!  yields  in  1898  shows  a  wide  range  od  both  the  unirri- 

gatfd  and  irrigated  land  for  the  different  varieties.    On  the  unirrigated 

the  lowest  yield  is  40!t  quarts  for  Wilson  Jr.,  and  the  highewt  4.026 

quarts  for  Eldorado,  while  on  th«  irrigated  platj^  the  lowest  yield  is 

,3H.'i  quints  for  Agawuui,  and  the  highest  7,i>Sft  quart-  for  the  Eldo- 

ido.     On  pint  2  Ihe  lowest  yield,  uniiTigated,  iw  '2iii  quart*)  for 

ld<inidc),  jiiul  the  highest  3,360  quart.-^  fur  the  Eric,  while  on  the 

irigatod  the  lowest  yield  is  1,19(>  quarts  for  the  Erie  and  the  higbe.^t 

,844  quarts  for  Wilson  .)r.     A  very  wide  variation  in  the  yield  of 

le  unin'igat«d,  as  wnll  aa  the  irrigated,  is  due  tt>  the  varietj-  of  the 

trry,  and  is  in  part  *TBUtied  by  the  differeneo  in  time  of  ripening.    The 

kto  of  the  first  picking  of  th"  ""'fferent  varieties  is  aw  follows; 


....io...  July  12. 
July  16  Jnly  10. 
July   19    Julyiy 


Out  of  the  a4  iKissitih-  t'oui        ^sons,  however,  23  show  »n  effect  from 
^tioii,  and  in  14  casi's  oi        '  the  24  the  irrigation  ha.s  resulted  in 
a  Increase  in  yield  of  over  [itr  cent.     In  1891*  the  lowest  yield  on 

be  unirrigated  plat  >.'o.  1  wi  -  u.«»  quarts  for  the  Erie,  and  the  highest 
,72a  quart.Hfor  the  Agnwaii  while  the  lowest  yield  froai  the  irrigated 
I  2,.^t>i  quarts  for  the  Tay  r,  and  the  highest  ti,.^71  qtiarbi  for  the 
Idoritdo.  The  difforenee  o  rved  in  the  vuripties  for  the  two  years 
» und(mbt<>dly  due  in  part  tc  different  period  in  which  the  drought 
Xixted.  Taking  the  nverag  i  the  yield  of  all  the  plats,  the  unirri- 
»ted  wsw  1.090  quarts  and  tne  irrigated  was  3.327  quarts  per  at^rc,  or 
gain  from  irrigation  for  all  Mirieties  for  the  two  years  of  1,63T 
luiii-ls  |x'r  acre,  or  97  ])er  cent,  a  gain  in  quarts  larger  than  that 
»lit:ii[ie,l  :i.-.  fli.'  iiveniire  yield  <.f  ihe  State.  It  thus  seems  to  be  not 
r^.Mih  ;i  .|ii>.lin,,  uC  l"Tri.-..  I'lit  !i  iiu.>s|i,.ri..f  the  variety  as  well.  This 
is  not  a  place  to  discuss  the  relative  advant^es  of  different  varieties  of 
blaekl>erries,  still  the  striking  differences  in  yields,  both  under  natural 
and  artificial  <-(>nditions  in  I'eferenee  to  water  supply,  show  the  impor- 
tance of  a  .study  of  this  jjolnt. 

A  study  of  the  pi-eceding  table  shows  very  clearly  the  effectiveness 
of  irrigation  for  this  fruit.  A  decided  benefit  is  shown  in  7.'>percentof 
the  ca.ses  in  which  a  comparison  of  varieties  and  methods  of  treatment 
is  possilde;  in  other  words,  it  is  demonstrated  that  it  is  not  a  ques- 
tion of  itiirticulaily  good  ei re iim stances,  as  the  conditions  as  to  \ariety 
and  method  of  fertilization  arc  widely  variable.  To  bring  out  the 
points  more  cle«rly,  and  to  show  what  may  l>c  expected  under  average 
conditions  of  treatment,  a  taldc  has  been  prepared  which  shows  the 
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avcnig3  j'icldn  of  ull  of  tho  plata,  irrigated  and  unirriga^ied,  for  etdi 
variety  for  18i»S  and  1899,  an  well  art  the  average  yields  for  the  two 


suc'ossivo  voarw: 


Arvnvj*'  //''''''"  ';/'  UartfurrirM  jmt  arre.  tm  all  the  jilaiM^  1898  and  1899. 


Viirii'tv. 


KHrly  Ilarvr.xt: 

l»M 

IHW 


iWlH-'r.i 


WllmiiiJr.: 
18W  . . . 


IHlW-'.r.i 


Inigkted. 


Qmartt. 

2.  an 

2.607 


Unlrri- 
gmted. 


QmariA. 
8,404 
1.448 


G«ln  fhHB  Inlfi- 
tion. 


Qmartt 


2.706 


2,  in 

2,164 


1.928  I 


7n 


HI 

ML? 


«S 


1,004 
1,27S  ( 


HI 

mi 


2,173  I 


1.449 


721  I 


:4ii 


Krh- 


iw>s-«n» 


l.4;»7 

2,  OUR 


S.4IH 
l.r>42 


2.ori.s 


2,4N0 


Akhwuiii: 

IH^IK  . . 
IHW.. 


4,218 
4.935 


2.4GI 


IWK-W 


4.A7tf 


2,877 


Taylor: 
l«»s 
IHIK) 


IKllH-im 


Kl«li>rH«1t>: 
IHW.. 
ISIW  . . 


2,497 
2. 148  . 


1.99A 


2.32» 


4,011 


l.SBH'l 


i.aoi 

I.KIN 


iHi»*<-'.r> 


:t,969 


i,r»v» 


1.15] 

Tlfi 

1.757 
1,642 

71.4 
fiOlO 

1.099 

».o 

I.KSf; 
153 

•J7:.l» 

9»'> 

:i> 

1,H35 
R,0fi3 

ISCI 

1«iL» 

2,14  4 

IflD.O 

It  will  1h»  o})s«»rv<*d  that  thm»  is  a  piin  from  irri^tioii  in  thi»  i-asi^of 
<»vi*rv  variety  (»xc«'j)t  llu»  Krie,  and  that  in  th<*  majority  of  cjis^^s  irri- 
pition  has  n'sult(»d  in  hirj^oly  IncnMisrd  yiolds.  Kxrludin^  tho  Erio, 
th«»  av4»niji:<»  jTJun  for  tho  two  years  ranjros  from  724- to  2,444  (|iiarts 
IKT  acn».  Tht*  hirjif(»r  fijpir**  r(»pn»s«»nts  a  fairly  high  yield  in  itself, 
and  shows  that  th<»  lM»st  n»turns  are  obtained  with  tho  lH»8t  varietv. 
Th4»  value  of  irripition  is,  how<»v«»r,  not  mejisuroil  by  yield  alone,  for 
it  is  a  well-known  fact  that,  notwithstanding*  the  present  faeilities  for 
the  distrilmtion  of  fruits,  a  serious  shortajife  in  tho  yield  of  suoha 
jK»rishal)le  produet  as  liorries  in  any  one  State,  or  in  tho  section  nt  a 
State  in  which  the  <*r<>p  is  an  imiN>rtant  one,  has  its  inf1uen<re  uixmtfao 
price  received  per  (juart,  particularly  in  the  smaller  towns,  so  that  the 
piin  du«»  to  irrigation  is  influenced  l)y  the  onhanccnl  price  i"€H'oived: 
that  is,  the  aviM'age  price  in  a  season  of  abun<lant  rainfall  is  not  i 
jjfuide  a.-^  to  the  pric<*s  that  may  j)n»vail  in  a  season  of  shortage.  Thiii 
considenition  is  a  most  imiK^vtant  one,  so  lon^  as  irrigation  Ls  confitNid 
to  limited  areas.  In  1S<»S  the  wholesale  pric<»  of  blaol;) Harries  was  10 
cents  ]>er(|uart:  that  is,  })uyers  wore  anxious  to  get  them  at  that  price, 
owinjjT  to  tho  shortage  of  tho  crop  in  tho  State,  due  to  the  drongiit 
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precedinj^  their  ripening/which  practically  ruined  the  crop  in  many 
sections  of  th(?  East.  In  1891>  the  shortage  was  not  so  serious;  never- 
theless the}'  were  readily  sold  at  8  cents  per  quart,  making  an  average 
for  the  two  3'ears  of  9  cents  per  quart,  or  a  wholesale  price  2  cents 
per  quart  alx)ve  what  is  regarded  as  fairly  remunerative. 

On  the  basis  of  this  average  price  the  increased  value  per  acre  of 
the  berries  oh  the  irrigated  plats  ranged  from  $65.16  for  Wilson  Jr., 
to  $219.96  for  P^ldorado;  or,  averaging  all  of  the  varieties  for  both 
years,  we  have  a  gain  from  irrigation  of  53.8  per  cent,  or  1,038  quarts 
per  acre,  worth  $93.42, 

The  statistics  gathered  by  the  New  Jersey  Station  in  1895  concern- 
ing the  growth  of  blackberries  showed  that  upon  the  clay  loam  soils 
the  average  yield  per  acre  for  1893  and  1894  was  1,300  quarts,  and 
that  upon  the  sandy  soils  the  average  yield  for  the  same  period  was 
834  quarts  per  acre.  The  soil  of  the  experiment  ground  is  a  clay 
loam  and  may  be  safely  regarded  as  representative  of  the  average  for 
the  State.  Applying  the  average  percentage  gain  obtained  on  all  the 
varieties  by  irrigation  for  the  two  years  1898  and  1899  to  the  average 
yield  of  the  State,  we  have  an  increase  of  699  quarts  per  acre,  worth 
$62.91.  In  the  case  of  the  sandy  soils  the  results  from  irrigation 
would  doubtless  be  more  striking  than  in  the  case  of  the  clay  loams, 
since  while  the  crop  might  not  suffer  any  sooner,  the  greater  capacity 
of  such  soils  to  absorb  heat  would  cause  a  more  rapid  drying  of  the 
berries;  still,  with  the  same  increase  from  irrigation  the  gain  would  be 
449  quarts  per  acre,  worth  $40.41.  The  yields  here  quoted  are  the 
average,  and  do  not  represent  even  good  conditions  of  soil  and  man- 
agement, as  many  growers  believe  that  the  berries  are  better  adapted 
for  the  ix)orer  light  soils  than  for  the  heavier  and  more  fertile  ones. 
The  application  of  the  percentage  increase  from  irrigation  does  not, 
therefore,  fully  show  the  possible  advantages  to  be  derived.  The  max- 
imum yield  reported  for  New  Jersey  was  8,000  quarts,  which  doubt- 
less represents  the  best  conditions  as  to  soil,  season,  and  variety,  since 
it  corresponds  to  that  obtained  on  the  irrigated  plat  in  1898,  viz,  7,985 
quarts.  In  New  York  State  the  average  yield  reported  is  3,158 
quarts,  with  a  maximum  of  10,000  quarts. 

Assuming  that  the  average  yield  in  New  York  could  be  increased 
53.8  per  cent  by  irrigation,  the  gain  per  acre  would  ]ye  1,700  quarts, 
worth  $153.  That  this  gain  is  quite  possible  is  also  clearly  shown  by 
the  report,  which  indicates  that  under  best  conditions  the  yield  may 
reach  10,000  quarts.  Assuming  that  the  necessity  for  irrigation  is 
apparent  only  once  in  two  years,  and  the  average  yield  under  average 
conditions  of  treatment  without  irrigation  is  1,500  quarts  per  acre  for 
the  two  States,  the  gain  would  be  403^  quarts  per  year,  which  at  9 
cents  per  quart  is  $36.32,  or  equivalent  to  ap  interest  of  6  per  cent  on 
an  outlay  of  $600  per  acre,  which  is  more  per  year  than  the  cost  of 
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irri^itiiiri  work  )>laurH><l  on  it  Uii'^rp  wale,  or  iiion*  thnn  tli*.*  total  cuAuf 
small  plaiit.s  r«(wh|i'  oi  irrijruling  «  to  K  arn-n.  Thiw  wuiiM  swdi  toW 
H  fiiir  F^ditfiiifiit.aiKl  a]>]>U<>K  to  uvi>rafr(>  mtber  than  gottd  ounditiouM  iif 
nmiiiirin^  ami  ('ullivati<iii.  This  rt'titrn  would  Ih>  Kufficirnt  tlii*  fint 
yt-ar  to  |niy  niiK-li  more-  than  thi-  full  ttwt,  and  the*  surplus  nuv  Iv 
applied  to  till'  i-xtm  rost  of  jrnm-iiig  llw  iT«>p  und*>r  irrigation.  It  i- 
iii-oj^ni/.fii  that  tin-  ;rn)winK«>f  hlafklicrrii'H  irt  not  a  lai^'  indiwtrT. 
Htill  tlif  statistical  n-imrtu  f*tr  Sow  .lorxcy  in  18!t5  nhowfd  an  armof 
a.siii)  a<-ii's,  <listri)iuti'(l  in  amis  of  from  1  to  +  acrott.  and  cbiofly  l«Hiit«Kl 
in  M'l-tioiw  <if  tlic  Strtti-  where  irri^tion  could  l»e  prw-tu-cd.  Kvfiiif 
only  ciiii'-i|iiarti'vnf  the  total tm>a  iscapahli'of  irri^tion,  and oiwumii^ 
tho  low  avcnijrc  yields  iiow  ohtaintKl.  the  (jain  frr>m  irrijjution  on  tbi- 
ImKiM  woulil  itieiui  !iii  addition  i>f  over  #:>5.i)<Ht  to  tho  not  n>turnsof  the 
ff  rowel". 


The  following'  tiiMe  .shims  tho  yiohls  of  nisplic 
IMis  am)  IK'.i!)  on  inigateil  ami  iinirripite<l  plats: 
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iiiiliiln>i»irriK"ii'-ii  1. 117  ■  _4-a^\  Tsi 

UnrDiiiM'  -   —  ■             _|.  .        ^ 

liTii:Ht<'<l ■.•,.»■«  ;.i-  ,  ■^,i:iK 

i'nliTiinii'''t    l.tr.I  :hki  i,TK 

■  iflliilniiii  irnk-.iti.iii , }.:m  mi  \  iuo" 

Irri'imii-l l.^iWl  7:cl   |  -j.uw 


(!iiinpiinii}r  plots  I  ami  *_', 
oliservcil  that  in  IS'.tS  in  live 
fiijiii  iri'ipitioi 


in  tl use  iif  the   bliu-klM-rrics.  it  i' 

a'sniit  of  tile  six  there  i»  u  jjain  in  vield 
lid  llial  the  ditlercnces  due  to  the  variety  un-  i)nit<' 
as  iitarked  as  in  the  nisc  of  the  hlacklHTries.  The-  lowoHt  yield  tm 
plal  1,  imirri^ited.  is  for  Turner.  7 7m  <|iiiirts,  niwl  the  hiffhost.  li.Cw 
•  jiiarts.  for  ('nthl>ert.  while  the  lowest  fnuii  the  irri^ratod  on  the  siuin' 
plat  is  I. .v.t;{  quarts,  for  Turner,  iitid  the  highest  4.n7;i«iimrt*i.  forC.'nlli- 
Im-H.  The  lowest  yield  on  )iltil  2,  iiiiirri^iited.  is  fifiOipuirti*.  for  Mitrl- 
Imii'o.  and  the  hi^h<-st  is  I,'><'>^  •iiiarts.  for  I'nthlx-i-t.  while  the  lowml 
frnni  the  irri^'iUed  plat  is  .Vj-J  ipuirts,  for  Marlhoro.  and  the  liiifhestiK 
1.4k"i  ijuarts,  for  ( 'uthhert.  In  IM*!'  irriffation  was  elfeotive  in  fou;-out 
of  the  six  <'iisrs.  thini;rli  in  no  i-use  was  the  adviuit»)r<>  from  irri^^ation 
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that  yc^ur.     The  avi'niji^o  gjiiii  from  irrigation  for  tho  two  years  was  018 
quarts  pi^r  acre,  or  20  per  rent. 

The  following  table  shows  th«i  avei'age  yields  for  all  the  plats,  aiid 
the  actual  and  percentage  gain  from  irrigation: 

ArenHjf  yielda  itf  nvxplierrwi^  jter  arre  on  ail  the  plats  for  J 898  and  1899. 


Variety. 

Irrigated. 

Unirri- 
gated. 

Gain  from  irriga- 
tion. 

Cuthbcrt: 

189K 

Quaris. 
2,076 
4,593 

Qtiarts. 
1,4?2 
4,261 

Qxiaris. 
601 
332 

PfT  crni. 
41.0 

1899 

7.7 

189H-99  

3,335 

2.866 

468 

16.3 

Marlboro: 

1898 

1.065 
2,311 

624 
1,509 

441 

802 

70.7 

1899 

5:j.  1 

1898-99  

1,688 

1.067 

621 

58. 2 

Turner: 

1898 

837 
1,457 

7M 
1,744 

83 
-287 

10.9 

1899 

1898-99  

1,147 

1,249 

-102 

With  the  exception  of  one  variety  one  year  (Turner  in  1899),  there 
is  an  increased  average  yield  from  irrigation  of  all  the  varieties  for  the 
two  years,  ranging  from  468  to  621  quarts,  which,  at  10  cent«  per  quart, 
shows  a  gain  of  from  ^6.80  to  $62.10  per  acre.  Including  the  Turner, 
the  average  gain  for  all  is  reduced  to  19  per  cent,  making  829  quarts, 
worth  ^2.90  per  aiTe. 

The  statistics  as  to  yields  show  that  the  average  for  New  Jersey  is 
1,928  quarts,  and  for  New  York  2,201  <j[uarts  per  acre,  with  a  maxi- 
mum of  6,0(K)  in  the  former  and  8,000  quarts  in  the  latUn*.  It  is  to  te 
fairly  assmiied  that  the  lower  average  yield  is  a  result  in  part  of  the 
lack  of  sufficient  moisture,  inasmuch  as  the  average  for  these  States  is 
slightly  higher  than  the  average  of  the  unirrigated  plats  for  1898  and 
1899.  Hence,  the  average  percentage  increase  as  shown  by  the  experi- 
ments may  be  safely  applied  to  the  average  yields  of  these  States,  as 
showing  the  possible  gain  from  irrigation  in  years  of  serious  shortage 
of  water.  In  the  case  of  New  Jersey  the  increased  yield  represents  a 
value  of  $36.63  per  acre,  and  in  New  York,  $41.82  per  acre.  Assum- 
ing, as  in  the  case  of  the  blackberries,  that  the  need  for  irrigation  is 
not  apparent  annually,  but  only  once  in  two  years,  we  have  an  average 
per  year  of  $18.31  for  New  Jersey,  and  $20.91  for  New  York,  consider- 
ably lower  than  in  the  case  of  bW^kberries,  yet  a  sum  in  excess  of  that 
needed  to  provide  for  irrigation  by  permanent  storage  works.  As  a 
business  proposition,  even  the  irrigation  of  raspberries  alone  is  worthy 
of  consideration.  The  area  of  red  raspberries  in  New  Jersey  is  1,052 
acres,  and  in  New  York  the  area  is  considerably  larger,  owing  \o  the 
Vf "  '~<r  industrv  there. 
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It  WHS  not  iK>ssi}>l(*  to  iiicludo  a  study  of  the  offect  of  irri|||^tion  on 
hlurk(*iii)  lH»rri<»s,  as  tin*  conditions  at  the  experimont  grounds  were  not 
favonibU*  for  this  fruit  Tho  anmof  ]>Iackcaps  in  the  State,  howcvor, 
is ({uitoits  larjr(» as  that  for  tho  rod,  and  in  New  York  it  is  considerably 
hirjr**!'  than  for  the  rod.  Noithor  is  thon»  any  good  reason  to  doubt 
but  that  irripition  would  havo  In^n  (|uite  as  effective. 

0UBBANT8. 

Tho  yloldsof  currants  on  irrigatod  and  unirrigat(>^  plat8  for  1808  and 
1H'»1»  w«»n»  as  foUows: 

Tiitnl  ifit'hh  uf  vurranlH  />fT  (icre  im  irrigaieil  tintl  umrriffoied  plat»^  18H8  and  1899. 


J 


Viirii'ly. 


i    rial  1.    ,    Plat  2.        Plat  1.        Plat  2. 


Kay  l»n)lini': 
lrii)(at(*4l... 
rnlrriKMtcil 


(tain  fmiii  irriKalioii 


KM  Dtitrh: 
IrriKalfil.. . 
rnlrriicntc<l 


(iaiii  fniiii  irrlKiUioii 


Vlrtiiria: 

Irriiraltsl 

riiirrliraiiil. 


<taiti  fniiii  lrr<Krttit>n 


Wliiif  «;niiH'. 
Irrtfoiti'*!. . . . 
t*iiirr<Kati'il 


1 
(iwiri*. 

Quart*. 
24 

H4 

QuartM. 

1.461 

396 

Qiiartit. 
U24 

2.;mo 

W 

-60 

!.«» 

-1.716 

l.IM 
7i5H 

WO 
1V2 

3,261 
8.2W 

1.041 
1,»W2 

426 

7«K 

12 

itfiCJ 

I.TKiO 
1.24M 

300 

4.176 
3.228 

3.072 
•2,  l?2 

312 

4.*^ 

94M 

firm 

606 
492 

4'JO 
71 

1,044 

i.ac 

l..V» 

(iain  fmni  Irrliration 


114 


lua 
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Mark4»d  dilToroncc**  aiv  also  sliown  in  rofoivnco  to  tho  vi«»hl8  of  tho 
diffoHMit  vari«»tios,  thou«rh  in  14  <)ut  of  tho  h\  a  vorv  decided  jrain  is 
ol»s«MTod  from  irrijration.  Tho  yi(»ld  in  tho  case  of  Fay  Prolific  was 
very  low  in  1SJ»S,  so  that  :i  coini>arison  on  tho  jx^n^ontago  basis  would 
moan  Init  very  little;  still,  for  tho  two  years  the  gjiin  from  irrigation  is 
4iM»  <|uarts,  or  a  gain  of  over  41^  \nn'  cent. 

Tlu*  n\sults  of  tlu»  irrigation  on  curnuits  are  less  satisfiu't<irv  in  one 
sense  than  uj>on  blacklM»rries  and  nisplH»rrios,  owing  to  the  fa<'t  that 
tho  plants  have  not  yet  iea^ho<l  maturity,  and  thon*fore  thr  yields 
are  relatively  low:  still,  the  |H»n'«»ntage  of  im'n»as«»  in  yield  <lue  Uy  irri- 
gation is  applicable  to  th«'  average>  obtaimnl  in  the  State. 
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The  results  published  here  were  obtained  from  plants  set  in  the 
spring  of  1896,  and  include  only  blackberries,  raspberries,  gooseber- 
ries, and  currants,  as  indicated,  as  the  crops  from  the  asparagus  and 
from  the  other  fruits  have  not  yet  been  large  enough  to  permit  of  a 
fair  comparison.  All  the  crops  have  been  irrigated,  the  necessity  for 
which  is  shown  in  the  accompan3'ing  meteorological  table: 

Yearhj  jtreripitatioti  on  the  experiment  (/rounds  for  llie  years  ended  October  SIj  1896^  1897, 

1898,  and  1899. 


Year. 

Nov. 
Inchrit. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May.    June. 

July. 

Aug. 

Sept. 

Oct. 

Total. 

Inrhf-s.  Inc/u'«. 

liwht's. 

lncfw«. 

fnrJwM. 

Inches.  Inches. 

Inches. 

1 
Inches.  Inches. 

Inches. 

Inches. 

1896. — 

3.41 

2.68  ,    1.68 

5.85 

5.92 

1.41 

3.70 

4.9:? 

4.37 

2.42 

4.81 

1.62 

64.79 

1897.... 

2. 9.'* 

1.59 

2.39 

2.77 

2.47 

3.47 

6.45 

2.50 

12.  ai 

3.81 

2.10 

1.59 

42.80 

1898.... 

4. 52 

5.09 

3.92 

8.49 

3.09 

4.17 

7.86 

1.13 

3.91 

6.44 

1.46 

5.80 

44.93 

1899.... 

7.14 

3.16       4.88 

1 

5.37 

6.63 

1.50 

2.04 

3.54 

6.32 

3.45  !    7.80 

2.96 

50.88 

It  will  l)c  obsei-ved  that  in  each  vear  there  was  one  or  more  months 
in  the  growing  season,  April  to  August,  in  which  there  was  a  decided 
deficienc}^  in  rainfall — April  and  August  in  1896,  June  in  1897,  Juno 
in  1898,  and  April  and  May  in  1899.  The  drought  was  very  severe  in 
1898,  and  came  at  a  time  when  blackberries  especially  were  in  greatest 
need  of  water. 

The  table  given  below  shows  the  times  of  irrigation  and  the  amounts 
of  water  applied  during  the  four  years  for  the  different  crops,  and  also 
a  comparison  of  water  applied  and  normal  niinfall: 

Jhite  of  nppli(xttion  of  imter  ami  amount  iised  jH'r  plat. 

BLACKBERRIES. 


Year. 

Dntf  of  application. 

Amount 
applied. 

Equal  to 
inches  of 
rainfall. 

Rainfall. 

Rainfall 

plus 
irriga- 
tion. 

Normal 
rainfall. 

189(> 

Mav  16 

Gallons. 

825 

1,096 

0.79 
1.06 

Inches. 

Inches, 

Inches. 

June  8 

T(»tal 

1,921 

1.85 

5.11 

6.96 

7.54 

June  21 

June  29 

Julv  8 

1«»7 

500 
480 
350 

.47 
.46 
.33 

1 



Total 

J  une  25 

1,330 

1.26 

2.50 

3.76 

3.05 

1M«S 

800 
450 
1,035 
450 
200 
226 

.62 
.45 
1.00 
.45 
.21 
.23 

! 

June  IM) 

July  r> 

July  9 

July  16 

Julv  26 

Total 

3.160 

2.96 

5.04 

8.00 

7.33 

Mav  2<> 

1899 

500 
1.023 

.47 
.98 

June  3 

Total 

1......  ... 

1,523 

1.45 

5.58 

7.08 

7.23 

IRKIUATIUN    IN    KEW   JXWEY. 
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ts 

/.^        A^        M. 

2.  on 

■Lm 

.K! 

'.ta 

l.CR  1.  U  ».M  I         «■« 


MO        .n  . 

MB  .71   . 


-n  .»!    . 


IW)  .17   . 


Ml  1.2S 

iw  1. 17 


l.Ml  Ml  «.ll 


■--TH  .71    . 


TIm^  four  pint--*  ill  thi'  (-iiw  of  miv  oi»'  variety  differ  only  in  tin-  kinA' 
<if  riTtilizi'tuiiplii'd,  Pint  1  ri-t-i'lvi'd  yjird  nmtiiiro  at  the  rate  of  DO 
tiniH  \ivT  ucri';  plut  :*.  it  coiiiiilcte  fcrtilizor  ttuntaining  4.5  per  € 
iiitn>}rcn.  ","  JUT  <-i'iit  jihosphnni-  iirid.  and  13.3  jx-r  wnt  [ 
3  luceivod  3(KJ  iwuiidN  [wr  a<-ii'  "f  iiii  even  mixture  of  •• 
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and  muriate  of  potash:  plat  4  nHvivod  8iH>  ix)unds  jxm-  aoiv  of  an  evon 
mixture  of  ground  Iwneand  ix)tash,  and  2<K»  jKuindsof  nitmteof  soda 
per  acre.  Plat^  1  and  2,  tlierefore,  may  Ih^  ivpirded  as  having  been 
supplied  with  an  abundance  of  all  of  the  i^n.^tituents  and  in  such 
forms  Hs  to  supply  the  entire  needs  of  the  plants.  The  larger  yield 
on  the  manured  plat  for  181»8  is  due  to  the  fact  that  nearly  every  plant 
[  grew,  while  on  the  other  plats  many  dii^i  during  the  sunuuer  of  181H>, 
lienoe  the  greater  age  and  vigor  of  the  plants  ent'ounigi^d  the  larger 
yield  that  year.  The  comparison  as  to  irrigation  is,  however,  not 
affected.  With  the  exception  of  1897  the  total  rainfall  was  fully  up 
to  the  normal,  vet  in  the  rt^sfion  of  the  State  in  which  the  station  is 
located  the  normal  rainfall  is  usually  sufficient  to  perfectly  matuix) 
'  crops.  While  during  a  di-ought  the  atmospheric  and  temperature 
conditions  are  usually  such  as  to  cause  a  more  nipid  drying  than 
would  be  the  itise  with  frequent  light  i-ainfalls  and  a  larger  propor- 
tion of  cloudy  days,  the  amount^^  applied  were  adjusted  as  nearly  as  it 
was  possible  to  do  so,  in  order  to  provide  an  ecjuivalent  to  a  nonnal 
rainfall,  taking  into  consideration  the  relatively  more  rapid  evapora- 
tion of  water  from  the  surface  duo  to  a  greater  proportion  of  sunshine. 
He  results  obtained  also  clearly  demonstrate  that  it  is  not  possible  to 
.  closely  approximate  the  influence  upon  growth  and  development  of  the 
kind  of  crops  under  experiment  of  an  excessive  i^infall  during  a 
month  previous  to  the  one  of  groat  deficiency,  though  vww  was  taken 
by  means  of  frequent  cultivation  to  conserve  the  excess  of  that  month. 
In  1898,  for  example,  the  excess  over  the  nonnal  for  May  was  more 
than  sufficient  to  meet  the  deficiencv  in  both  June  and  July,  vet  not- 
withstanding  this  excess  the  deficiency  in  those  months  caused  a  very 
serious  injury  to  the  crops,  as  shown  by  the  yield  on  the  unirrigated 
plats.  The  influence  of  the  excess  in  May  was  not  marked  and  an 
application  of  wat<*r  during  June  and  July,  equivalent  to  S  inch(\s  of 
rainfall,  caused  a  decided  increase  in  crop. 

The  most  serious  deficien<\v  in  rainfall  for  these  crops  oirurs  in  one 

month,  and  the  first  application  was  made  usually  before  the  plants 

i   reallv  suffered,  but  when  it  was  known  that  a  deficiencv  existed  with- 

\    out  special  testing  of  the  soil.     Owing  to  the  chai*acter  of  the  plants 

[    no  water  was  applied  when  a  marked  deviation  from  the  normal  min- 

I    fall  occurred  after  the  crops  wore  harvested,  as  was  the  case  in  the 

1    month  of  September,  18t^7,  and  18i>8.     Natunilly,  in  181>6.  the  season 

I    in  which  the  plants  w(»ro  sot,  th(»  effect  of  the  added  water  could   not 

be  measured,  neither  could  it  ])o  measured  with  any  degree  of  accui'acy 

t    in  1897,  as  the  crops  wore  still  very  small.     The  effect,  if  any,  of  the 

Ided  water  in  those  years  can  bo  shown  only  by  a  comparison  of  the 

da  in  1898  and  1899.     It  will   Ih»  ()])sorved  from  the  table  that  in 

the  crops  tlnMiniount  of  water  applied  was  prac- 

the  dotioioncv  in  rainfall,  and  naturallv  the 

»  '  « 
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All  plats  were  rultivtttcd  Hovon  tinien  and  hoed  once.  They  were 
irrigated  three  times. 

Irri^tion  wa.s  not  n(*ed(Hl  80  often  on  plat8  receiving  Htable  manure. 
The  nitrate  of  soda  wtus  applied  broadcast  in  three  equal  applicatioiiH — 
Ai)ril  12,  May  6,  and  June  3. 

Ikfore  irri[riition  the  platH  fertilized  ¥nth  stable  manure  were  ahead 
of  those  supplied  with  chemical  fertilizer.  On  May  17  tiiey  had  lieen 
badly  eaten  with  worms.  On  June  8  the  unirrigated  cabbage  wilted 
in  the  middle  of  the  day,  and  some  of  the  leaves  were  turning  yellow. 

The  yields  were  as  follows: 

yields  of  cabbage. 


Before 

July  10. 


Total. 


IMat  1 
I'lnt  2 
riat  3 
FUt4 
Plat  5 
Plate 
put  7 
Plat  8 


ISjutmU, 

I^>HneU. 

214 

1609 

271 

1G39 

189 

564 

173  ! 

exi 

IM 

»tI2l 

200 

»f.n 

12f» 

rax 

1J7 

CM 

I  IrriKatiil. 

A  study  of  the  yields  shows  that  nitrate  of  soda  affeot^nl  favorably 
the  earliness  of  the  eablwige,  and  had  a  greater  effect  when  us^hI  in 
connection  with  irri^tion  than  without.  Nitrate  of  soda  with  Inirn- 
yard  manure,  in  <*oniiection  with  irrigation,  gave  the  lM»st  n»sult.s. 
The  total  yields  do  not  show  decisive  results  of  treatment.  The  rains 
that  fi»ll  as  the  cahlmge  was  maturing  had  a  very  Y>eneticial  effe<»t. 

An  examination  of  the  table  shows  that  in  ever}'  case  irrigation 
promoted  earliness  of  maturity.  This  was  very  iniix)rtant  in  18?»1», 
since  eablwige  sold  In^fore  July  U>  at  prices  that  netted  frcmi  $1.05  to 
#1  iK»r  Imrn^l  of  alK>ut  l»r»  |K)unds.  After  July  1<>  they  netti'd  from  55 
cents  to  20  cents  jxt  Iwirn*!.  The  amounts  rec^Mved,  net,  from  the 
difFer(»nt  plats  wen*  its  follows: 

Amouiitit  rrcfivt'd  jmt  /Joi  for  nt}iiMuj*\ 

IMat  1 $5.10  ,  Plat  5 >i4.S2 

IMatL' 5.45  |  Plat6 I.KIJ 

Plat  ',\ .S.  82      Plat  7 :M0 

Plat  4 4.  5.S     Plat  8 ri.  94 

Plats  1,  2,  5,  and  tl  <'onstitute  one-quarter  of  an  lU're  of  iri'igaU'd 
«ii)l)age;  plats  8,  4,  7,  and  S,  one-<juarter  of  an  acre  of  unirrigated. 
The  two  differ  only  as  regards  irrigation.  The  net  income  from  the 
irrigated  quarter  acre  was  ♦20.20,  or  $80.80  per  acre;  from  the  unirri- 
gated, JMS.BI^  or  ♦♦il.5f»  per  acre.  The  cost  of  irrigating  1  a(*re  of 
ca))))age  thn»e  times  wjts  apiiroximately  1^2.50.  The  capa<'ity  of  the 
plant  wits  sufficient  to  irrigate*  20  to  30  acres  of  cabbage;  thus  the  profit 
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A  Mtudy  of  the  yields  in  1898  shows  a  wid«  range  on  both  the  unirri- 

gated  and  irrigaU'd  land  for  the  different  varieties.    On  the  unirrigated 

the  lowest  yield  is  4fl!t  quarts  for  Wilson  Jr.,  and  the  highest  i,0:i6 

quarts  for  Eldorado,  while  on  the  irrigated  plats  the  lowest  yield  is 

Ubi)  quarts  for  Agawjiui,  and  tlic  hifirhest  7,i)S5  quartx  for  the  Eldo- 

do.     On   pint   2   the   lowest  yield.  uniiTiKated.  is  HH  quarts  for 

Idiirado,  and  the  highest  3,S60  quarts  for  the  Erie,  while  on  the 

rigated  the  lowest  yield  is  1.1^5  quarts  for  the  Erie  and  the  highest 

344  quarts  for  Wilson  .Ir,     A  very  wide  variation  in  the  yield  of 

V  unirrigated.  as  well  as  the  irrigated,  is  due  t<i  the  variety  of  the 

irry,  and  is  in  part  eaused  by  tin^  differenee  in  time  of  ripening.    The 

ttf  of  the  first  picking  of  tJ      "  Jei-ent  varieties  is  as  follows; 


Outof  tliea4  iwisMJIjIr  i-oui 
xi^tion,  and  in  14  cases  oi 
D  iocreas*!  in  yield  uf  over 
unirrigated  plat  No.  I  wi 
'J2  quarts  for  thw  Agawoa 
iMii  quarts  for  thw  Ta,y      , 
ildorsido.     'i'he  diffei'eni'e  o 
undoubtedly  duo  in  jnirt  tt 
Xistod.     Taking  the  avt-m{^ 
wted  wuH  l.tiltO  quarts  and  tne 
I  gain  from  irrigation  for  ■" 
juarts  p<.'r  m-Tf^  or  U7  pt'r 
obtained  nH  tbA  average  yie 


suns,  however,  23  show  an  effect  from 
the  24  the  irrigation  has  resulted  in 
)iT  t-ent.  In  1899  the  lowest  yield  on 
<l  quarts  for  the  Erie,  and  the  highest 
lile  the  lowestyield  from  the  irrigated 
and  the  highest  f!,571  quarts  for  the 
ved  in  the  varieties  for  the  two  years 
different  period  in  which  the  drought 
the  yield  of  all  the  plats,  the  unirri- 
1  ligated  was  3.327  quarts  per  at-re, or 
varieties  for  the  two  years  of  1,637 
L  a  gain  in  <|uarts  larger  than  that 
f  the  State.      It  thus  seems  to  bo  not 


only  a  »|uestioii  of  berries,  but  a  question  of  the  variety  as  well.  This 
is  not  a  place  to  discuss  the  relative  advantages  of  different  varieties  of 
blackberries,  .still  the  striking  differences  in  yields,  both  under  natural 
and  artificial  conditions  in  I'eference  to  water  supply,  show  the  impor- 
tance of  a  study  of  this  point. 

A  study  of  thi!  ]»receding  table  shows  very  clearly  the  effectiveness 
of  irrigation  for  this  fruit.  A  decided  benefit  is  shown  in  75  percentof 
the  eases  in  which  a  comparison  of  varieties  and  methods  of  treatment 
is  possible;  in  other  word.s,  it  is  demonstrated  that  it  is  not  a  ques- 
tion of  particularly  good  cireumstances,  as  the  conditions  as  to  variety 
and  method  of  fertilization  are  widely  variable.  To  bring  out  the 
points  more  clearly,  and  to  show  what  may  be  expected  under  averse 
'— nbnent,  a  table  has  been  prepared  which  shows  the 
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ll 


of  th<»  swoet  potiitmvs  the  eHtimatCH  arc  made  from  net  receipts  from 
the  Nt»\v  York  inHrk(»t  at  time  of  harveflting. 

TonmtcHvs  \ven»  worth  from  15  to  2(>  cents  p(»r  basket  during  the 
early  siMison.  ami  .">  rvnis  por  lianket  later.  The  profit  from  irrigation 
amounted  to  alwuit  3?1S  |M»r  acre. 

The  price  of  \vateriiH»K>nH  wan  higher  at  the  first  picking,  but  it  held 
up  fairly  well  until  the  last  two  pickings,  when  the  vines  had  blighted 
and  injured  the  (|uality  of  a  ])art  of  the  melons.  Leaving  out  of  iu*c*ount 
the  hist  two  pickinjfs,  the  yields  of  the  two  plats  were:  Irrigated,  38 
melons,  weighing  71*H  {pounds;  unirrigated,  27  melons,  weighing  405 
]>ounds.  A  2.>-ix)und  melon  was  worth  15  to  20  cents  earl^-,  and  10 
cents  during  the  grcMiter  i)art  of  the  season.  On  this  basis  the  profit 
from  irrigjition  would  amount  to  abcmt  $25  per  wiv. 

Tln»  etf(M't  of  irrigation  on  sweet  |)otat<M»s  was  very  notict»ji})le. 
S4»ptemlM»r  4  4o  hills  were  dug  from  each  plat:  62  pounds  ''prime'' 
and  30  pounds  '\sr(;onds''  were  set'unnl  from  the  irrigated  i)lat:  '45 
pounds  ''prime'"  and  30  {xmnds  ''se<»onds''  from  the  unirrigated  plat, 
or  a  gain  of  77.1  \h*v  cent  of  "primes.''  SeptemlH^r  «>  the  sjmie  num- 
ber of  hills  were  dug  into  and  the  large  ]x>tat(H's  removed,  leaving  the 
hill  undisturb(Hl,  as  far  as  possible.  One  hundred  |xmnds  wen*  taken 
from  tlie  irrigated  and  53  pounds  from  the  unirrigated,  a  gain  of  S8.7 
p<»r  c(Mit.  Innn(»diately  after  this  the  sweet  potatoi^s  were  thoroughly 
irrigat4»d.  The  obj<H*t  of  this  test  was  to  ase(»rtain  if  some  }K)t4itiH's 
could  1m»  withdniwn  (»arly  and  then  by  thorough  irrigation  the  small 
)>otato('s  1m*  made  to  grow  into  "primes"  by  the  usual  digging  time. 
The  results  would  indicate  tliat  this  <*ould  1h*  done.  The  price  at  the 
various  <ligging  timers  was  ^1.50  jxm'  ImrrcK  primes,  net,  and  so  rent^ 
for  seconds,  and  25  cents  for  thirds.  Before  S^ptemlwM*  4  the  price 
was  considi^nibly  higher,  and  some  c(mld  have  lH»en  dug  (»arli<M-,  esp<'- 
cially  from  the  irrigat<*d  plat.  Th(»  profit  accruing  from  irrigation 
was  J<43.<)S  iM»r  ac(».  The  (»xjx»ns(»  of  irrigating  sweet  j)otato(»s  would 
\h^  al)out  th<»  same  as  for  (»arly  cablwgi*. 

It  will  be  noticed  that  irrigation  wits  injurious  to  sow<»d  corn  and 
cu<'unibcrs  in  these  t»xiM»rinients. 

CONSTRTJCTION  AND  COST  OF  SMALL  IBEIOATION  PLANTS. 

The  irrigation  practic4»d  in  the  VaxsI  thus  far  has  Ihhmi  on  a  small 
scale.  IMants  capable  of  irrigjiting  <)  to  s  acres  are  the  rule.  In  the 
following  pages  s(»venil  small  plants  recently  installed  an»  des<*rilM»(l 
in  detail  as  to  construction  and  cost,  in  order  that  those  interested  may 
<leteiinine  from  the  data  given  whether  under  their  conditions  the 
installation  (»f  jilants  will  prove  jn-ofitabh*  investments.' 

'  F«ir  ilrHrii»tnn  ui  miIht  irrinatinii  plantn  in   New  .Jith'v,  «•<•  W  S.  lH»j»t.  Ajrr.. 
OiVirv  «»f  Kx]KTinii>nt  StutiniiH  liul.  :W). 
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PLANT  OF  OEOBGE  A.  MITCHELL,  VINEI<ANI),  N.  J. 

The  irrigation  works  of  George  A.  Mitchell  consisted  originally  of 
a  2.r)-horscpower  gasoline  engine,  a  single-acting  force  pump  and 
delivery  pipe,  consisting  of  a  2.5-inch  wrought-iron  pipe,  and  con- 
demned tin^  hose,  and  homemade  distributing  hose  of  tarred  duck 
cloth.  The  engine  and  pump  were  inclosed  in  a  building  near  the  ]>ank 
of  a  creek,  a  dit(*h  leading  the  water  to  the  pump.  The  water  was  then 
pumped  ()93  feet  to  the  highest  point  on  the  farm,  whence  it  was  car- 
ried to  different  locations  in  the  same  manner  as  is  now  done.  From 
40  to  ()t)  gallons  per  minute  were  pumped. 

Figure  1  shows  the  shape,  surroundings,  location  of  pumping  plant, 
and  topography,  etc\,  of  the  farm. 

The  .slopes  from  the  20-foot  elevation  to  the  creek  and  south  to 
Ehiier  road  are  comimratively  regular,  being  steepest  for  about  150 
feet  each  side  of  the  highest  point. 

In  the  spring  of  18iil>  the  engine  and  engine  house  were  moved  farther 
away  from  the  creek,  and  a  ditch  15  rods  long  by  2i  feet  wide  was  dug 
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Fio.  l.^Inigatfon  plant  of  George  A.  MitchelL 

to  bring  the  water  to  the  pump.  The  water  in  the  creek  is  mised  6 
to  12  inches  by  a  dam.  A  No.  2  centrifugal  pimip  was  secured  with 
a  10-inch  pulley,  and  set  10  feet  center  to  center  of  pulleys  from  engine. 
The  8-inch  leather  Iwlting  runs  from  2i-foot  fly  wheel  of  engine  to 
pulley  on  pump.     The  engine  makes  320  revolutions  per  minute. 

An  18-foot  length  of  8-inch  pipe  is  fastened  to  the  pump  outlet  by 
means  of  reducers,  and  is  held  in  a  pei'pendicular  position  by  four  guy 
wires.  An  elbow  with  a  2-foot  length  of  pipe  is  fastened  to  the  top  of 
th(»  upright  or  standpipe.  The  hose  is  fastened  to  this  by  binding  with 
wire.  The  hose  used  is  of  the  home-made  kind  hereafter  described, 
and  is  7i  inches  in  diameter.  The  different  lengths  are  connected  by 
inserting  a  short  length  of  stovepipe  into  the  two  ends  and  binding 
the  hose  to  the  pipe  with  wire.  The  large  hose  is  used  as  the  main, 
and  extends  425  feet  from  the  standpipe  to  the  highest  point  on  the 
fann.     The  hose  is  supported  on  a  trestle  work,  which  slopes  4  feet 
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irriu^ition  work  plannod  on  a  large  >4ca]e,  or  inori'  than  the  total  ixistof 
small  plants  nqmblo  of  irrigating  6  to  8  acro8.     Thin  would  »eeni  to  Ije 
a  fair  statvinont,  and  applicH  to  average  rather  than  good  conditionn  of 
manuring  and  cultivation.     ThiH  return  would  be  sufiBcient  the  first 
year  to  pay  nuirh  mon^  than  the  full  cost,  and  the  surplun  may  tie 
applied  to  the  (•xtm  cost  of  growing  the  crop  under  irrigation.     It  hi 
recognized  that  the  gn>wing  of  ])lackberrie8  is  not  a  large  induHtry, 
still  th(^  statistiml  reix>rt8  for  New  Jersey  in  1895  showed  an  art^  of 
2,H5()  acres,  distributed  in  areas  of  from  1  to4ac^re8,  and  chiefly  located 
in  sections  of  the  State  where  irrigation  could  be  practic-«d.     Even  if 
only  one-<)uarter  of  the  total  area  is  capable  of  irrigation,  and  assuming 
the  low  average^  yields  now  obtained,  the  gain  from  irrigation  on  this 
basis  would  mean  an  addition  of  over  $25,(XM>  to  the  net  returns  of  the 
growi»r. 

RASPBERRIES. 

The  following  tabic  shows  the  yields  of  i-asplx^rrii^s  for  thi*  yi^ii-s 
IHW  and  18i*l*  on  irrigattKl  and  unirrigated  plats: 

Total  ijifUh  af  rnxf^H'rr'wH  /H*r  nrrf  tm  irrifffiUtI  ami  unirr'ajatt'd  jtlttU,  /Xf^V  ami  ISi*U. 
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Comparing  plats  1  and  2,  as  in  the  cast*  of  the  blacklH^rrics,  it  is 
observed  that  in  \H\iS  in  five  cases  out  of  the  six  there  is  a  gain  in  yield 
from  irrigation,  and  that  the  differences  due  to  the  variety  are  <|uite 
as  mark(»d  as  in  tin*  case  of  the  blacklierries.  The  lowest  vicid  on 
plat  1,  unirrigated,  is  for  Turner,  778  quarts,  and  the  highest,  ^Jm*") 
cjuarts,  for  C'uthbert,  while  the  lowest  from  the  irrigated  on  the  saiuo 
plat  is  l.r>lK{  (juarts,  for  Turner,  and  the  highest  4,072  quarts,  for  Cuth- 
iM'it.  The  lowest  yield  on  plat  2,  unirrigated,  is  .SHOcjuarts,  for  Marl- 
boro, and  the  highest  is  1,0<;2  <iuart8,  for  Cuthl)ert,  while  the  lowest 
from  the  irrigati^l  plat  is  r)r»2  (juarts,  for  Marlboro,  and  the  highest  is 
1,485  (piarts,  for  Cuthbert.  In  lHU\)  irrigjition  was  effective  in  fouk*out 
of  the  six  cases,  though  in  no  case  was  the  advantage  from  irrigation 
as  great  as  in  lSi>8.  nor  wen*  the  variations  in  yield  as  marked  as  in 
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400  feet  2i-iQch  wrought-iron  pipe,  tees,  laying,  and  painting $45 

Condemned  fire  hose,  900  feet,  with  connections,  price  not  con- 
stant (approximately) 36 

Building  for  engine,  trench  for  leading  water  to  pump,  various 
arrangements  for  distributing  water,  etc.  (approximately) 40 

Total 329 

PLAirr  OF  W.  p.  STOKES,  MOORESTOWK,  N.  J. 

Mr.  Stokes  erected  an  irrigation  plant  early  in  1899.  He  uses  a 
2i-horsepower  gasoline  engine,  a  single-acting  force  pump  (cylinder 
6  by  12  inches).  His  source  of  supply  is  three  driven  wells,  with 
2-inch  pipe.  These  three  driven  wells  are  connected  and  the  pump 
draws  from  all  three  at  once;  a  flow  of  50  to  60  gallons  per  minute 
being  secured,  although  the  wells  would  yield  a  great  deal  more. 
Befoi-e  putting  down  the  drive  wells,  an  open  well  15  feet  deep  and  8 
feet  in  diameter  was  dug  and  bricked.     Considerable  trouble  was 
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Fio.  3.— Plan  of  irrigation  plant  of  W.  P.  Stokes. 

experienced  on  account  of  the  well  caving  in  while  being  dug.  The 
chief  object  of  digging  the  well  was  to  remove  a  bed  of  clay  that 
might  make  the  driving  very  difficult.  The  three  wells  were  driven 
from  the  bottom  of  the  open  well  as  far  distant  from  each  other  as 
the  diameter  of  the  well  would  permit.  The  working  heads  and 
cylinder  of  the  pump  were  put  as  near  the  bottom  of  the  well  as  pos- 
sible. The  combination  countershaft  for  the  belting  from  the  engine 
and  for  working  the  pump  was  at  the  top  of  the  open  well.  The 
engine  is  placed  at  the  usual  distance  from  countershaft,  i.  e.,  10  feet 
oo*  '  Dulleys.     The  engine  is  set  on  a  brick  foun- 

''hrough  distributing  mains.     The  system 
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the  farm.  The  main  is  permanent,  but  the  side  lines  are  laid  down 
when  irrigation  is  wanted.  The  T's  used  in  the  main  hose  for  con- 
necting with  the  side  lines  are  made  from  stovepipe  riveted  together 
and  dipped  in  coal  tar  and  oil.  They  use,  altogether,  2,800  feet  of 
hose.  They  use  two  distributers  similar  to  the  one  vL^d  by  Mr. 
Mitchell. 

COST  OF  PLANT. 

The  total  cost  of  this  plant,  not  including  labor  performed  by  Scrib- 
ner  Brothers,  was  approximately  $400.  The  chief  items  of  expense 
were  as  follows: 

Chief  Hems  in  cost  of  Scribner  Brothers*  plant. 

Engine  and  pump  erected,  with  suction  and  discharge  pipe 1200. 00 

Pond 5.50 

Building  6  by  14  feet 7.00 

Uose  and  connections 92. 50 

Troughs 45.00 

Labor  (estimated) 40.00 

Total 390.00 

If  the  pump  is  kept  going  ten  hours  per  day,  six  days  in  the  week, 
1  inch  of  water  could  be  put  on  25  acres  each  week.  It  would  not 
be  advisable  to  calculate  on  watering  that  acreage,  however,  as  it  is 
best  to  have  a  larger  plant,  so  as  to  allow  for  some  hindrances.  The 
Scribner  Brothers'  soil  is  gravelly  to  sandy  loam.  It  costs  them,  to 
distribute  the  water,  75  cents  per  day,  besides  the  time  of  four  men 
on  small  plants  and  two  men  on  large  v^egetables  or  trees. 

Scribner  Brothers  have  irrigated  about  six  acres  of  crops,  as  follows: 
Tomatoes,  cabbage,  cauliflower,  beets,  carrots,  radishes,  potatoes, 
corn,  strawberries,  blackberries,  raspberries,  asparagus,  celery,  onions, 
lettuce,  parsnips,  salsify,  rhubarb,  parsley,  and  some  other  crops. 
The}^  do  not  use  less  than  2  inches  of  water  at  each  irrigation,  and  from 
that  up  to  4  inches.  Four  inches  was  put  on  berries  of  the  bush 
variety.  They  report  that  irrigation  this  year  has  paid  on  all  crops 
to  nearly  the  extent  of  the  cost  of  the  plant. 

PLANT  OF  HON.  J.  J.  OASDNEB,  EOG  HABBOB,  N.  J. 

This  plant  was  erected  during  the  summer  of  1899.     It  consists  of 
an  engine  and  pump  like  those  used  by  George  A.  Mitchell  and  Scrib- 
ner Brothers.     The  water  is  secured  from  a  large  open  well,  12  by  12 
feet.     This  well  was  dug  by  making  a  large  curb  of  inch  boards  that 
would  settle  as  fast  as  the  bottom  was  dug  out.     After  getting  down 
10  feet  there  was  a  great  deal  of  fine  clay.     This  was  taken  out  by 
"ting  the  bottom  and  pumping  out  the  muddy  water  with  the  cen- 
unp.     The  engine  and  pump  are  capable  of  drawing  from 
'ons  of  water  per  minute,  but  the  capacit}^  of  the  well  at 
't  is  about  500  gallons  per  hour. 
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result  in  securing  a  paving  crop,  the  increase  would  be  likely  to  be 
proportionately  greater  on  soils  of  good  chamcter. 

One  acre  of  (*antaloup8,  one-half  acre  of  early  cabbage,  one- 
quarter  acre  of  onions,  about  one-eighth  acre  each  of  sowed  corn, 
sweet  corn,  sweet  potatoes,  Lima  beans,  and  white  potatoes,  followed 
by  Hublnird  squash,  and  one-sixteenth  acre  each  of  w^atermelons, 
cucumb<n\s,  tomatoes,  and  carrots  were  raised. 

The  acre  of  cantaloups  and  half-acre  of  cabl)age  were  a  combined 
experiment  with  irrigation  and  nitrate  of  soda.  Each  was  divided 
into  eight  plats,  treated  as  follows: 

Irrigated. 
Plat  1. — Stable  manure  onlv. 
Plat  2. — Stable  manure,  pluH  15()  |K)undB  nitrate  of  s'xia  i)er  acre. 

I'nirriijated. 
Plat  :J. — StaDie  manure  only. 
Plat  4. — Stable  manure,  pluH  150  ]K)un(iH  of  nitrate  of  wxia  iH>r  a<'re. 

Irrigated. 

Plat  5. — MineraiB,-  piiw  151)  {>oundH  nitrate  of  HO<la  per  acre. 
J*lat  <). — MineralH,  plus  2.50  p^mncis  nitrate  of  Ko<la  jHjr  a<*n*. 

VnirrlgnttuL 

Plat  7. — MineralH,  paw  150  poundn  nitrate  of  tKxia  per  acre. 
Plat  S. — Mineraln,  pliw  250  ))4)undH  nitrate  of  WKla  |»er  a<*re. 

CANTALOUPS. 

The  nitmte  of  soda  was  applied  in  three  equal  applications:  The 
tirst  in  a  broad  circle  about  the  hill,  May  6;  the  second  in  the  same 
way,  June  9;  and  the  last  was  applied  broadcast,  June  22. 

The  exjxM'iment  with  cantaloups,  while  showing  the  superiority  of 
irrigation  on  plats  treated  with  yard  manure  over  those  treated  with 
minemls  and  nitrate,  was  a  pinu^.tical  failure,  owing  to  the  blight  of 
the  vines  early  in  i\n\  season  of  picking. 

EABLY  JEBSET  WAKEFIELD  CABBAGE. 

A  red  clover  sod  was  plowed  under  in  1898  on  the  half  acre  used  for 
cab})ag(».  The  same  number  of  cabbage  plants  were  set  out  on  each 
plat  at  each  setting — March  27,  April  6,  10,  and  19.  Resetting  was  as 
follows: 
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ifijurrd  Uy  sun  s<*al<l.     TIm^  yields  for  the  two  yoai's  on  plates  Xo.  land 
No.  *2,  uikI  tlM»  av(»nijros  for  nil  plaU,  iin^  jfivon  in  th«  fallowing  tabli¥: 

7<>/»i/  ij'uhlM  t,j  iftHnutHrrim  /mt  ttrn'  nit  itritjtited  awl  itnirrifitthtl  piutM^  XHt^  nwi  JfiU9. 
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IRRIGATION  OF  VARIOUS  CROPS  BT  OEOROE  A.   MITCHELL. 

VINELAND.  N.  J. 

'I'll*'  <ro|)>  noti'd  Im'Iow  wrrc  ^rown  with  and  without  irri^iti(»n.  aii<i 
special  can*  w:i>  takt'ii  to  treat  thi'  irrigated  aixl  iiotiiri'i<i^it<Hl  |»lat> 
exactly  alike.  The  soil  ust»(l  was  a  li^ht  sand,  and  thf>ii^h  iiatunillv 
well  a<lapt4*d  to  tln'  ifn»wth  of  vejifetaMe  crops,  was  d<*fii*i<*iit  in  ferti- 
lizing elements  and  was  in  ]MH»r  j)hysical  condition.  It  wiis.  however. 
uniform  in  characttT  an<l  well  suit«'d  to  the  pur|>oso  of  t^vstin^  tin* 
advantajr**  'd'   an  ai)Uiidant  watiM*  >uj)j)ly.  sine*',   if   watiT  woiihl  hriv 
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result  in  soruring  a  jmying  crop,  the  increase  would  be  likely  to  be 
proportionately  greater  on  soils  of  good  character. 

One  acre  of  cantaloups,  one-half  acre  of  early  cabbage,  one- 
quarter  acre  of  onions,  about  one-eighth  acre  each  of  sowed  corn, 
sweet  corn,  sweet  potatoes,  Lima  beans,  and  white  potatoes,  followed 
by  Hublmrd  squash,  and  one-sixteenth  acre  each  of  watermelons, 
cucuml)ers,  tomatoes,  and  carrots  were  raised. 

The  acre  of  cantaloups  and  half-acre  of  cabbage  were  a  combined 
experiment  with  irrigation  and  nitrate  of  soda.  Each  was  divided 
into  eight  plats,  treated  as  follows: 

Irrigated. 
Plat  1. — Stable  manure  only. 
Plat  2. — Stable  manure,  plus  150  pounds  nitrate  of  soda  per  ac!re. 

IJnirrif/aied. 
Plat  :i — Stable  manure  onlv. 
Plat  4. — Stable  manure,  plus  150  |K)untlH  of  nitrate  of  sooa  per  a<?re. 

Irrigdted. 

Plat  5. — Minerals, -  pius  150  pounds  nitrate  of  soda  i)er  atrre. 
Plat  <). — Minerab^,  plus  250  i)ound8  nitrate  of  soda  |)er  a<Te. 

Uiiirrigated. 

Plat  7. — Minerals,  piua  150  p>ounds  nitrate  of  socia  per  acre. 
Plat  8. — Minerals,  plus  250  {xtunds  nitrate  of  soda  |)er  acre. 

CANTALOUPS. 

The  niti-ate  of  soda  was  applied  in  three  equal  applications:  The 
first  in  a  broad  circle  al>out  the  hill,  May  6;  the  second  in  the  same 
way,  June  0;  and  the  last  was  applied  broadcast,  June  22. 

The  exjx^riment  with  cantaloups,  while  showing  the  superiority  of 
irrigation  on  plats  treated  with  yard  manure  over  those  treated  with 
minerals  and  nitrate,  was  a  practical  failure,  owing  to  the  blight  of 
the  vines  early  in  the  season  of  picking. 

EARLY  JEBSEY  WAKEFIELD  CABBAGE. 

A  red  clover  sod  was  plowed  under  in  1898  on  the  half  acre  used  for 
cabbage.  The  same  number  of  cabbage  plants  were  set  out  on  each 
plat  at  each  setting — March  27,  April  6,  10,  and  19.  Resetting  was  as 
follows: 


Plntl 
I'lat  2 
IMftt  '<i 
Plan 
Plat  5 
Plato 
Plat  7 
Plat  8 


Apr.  27. 

May  9. 

27 

13 

28 

15 

34 

14 

44 

19 

48 

19 

46 

31 

27 

20 

33 

28 

'  By  ininerals  is  meant  not  less  than  (M)  p<  undH  of  available  phosphoric  acid  and 
100  pounds  of  actual  jx)ta8h  pt»r  acre. 


2rt 


IRRIGATION    IN    NKW   JEB8EY. 


iiijun'd  by  huh  srxild.     Tho  yielcU  for  the  two  yoarH  on  platn  No.  I  and 
No.  2,  und  th(^  iivoragos  for  aii  platH,  are  given  in  the  following*  tabh»: 

Tiptni  ijieUU  of  fjtHiM^fterrifn  jH*r  acre  on  irrigated  and  unirrigaled  platii,  1898  ami  1899, 


Variety. 


DowniiiK: 

lrrlKHt(Hl.. . 

riiirriKal<><l 


<fHin  fn»m  irriKHtion. 


ColumbiiH: 

IrriKttUHl 

riiirrigHtiNl 


(iniii  fnmi  irriKHtioii. 


Hoiifrhton: 
IrriKatt'<l... 
rnirriKHtcil 


<tHiii  fnmi  irrigHtiuii. 


Triutni>h: 

lmKHt4'<l 

rnirriKHttil. 


Cruiii  fnnii  irriicHtioii. 


189 

B. 
P1»12. 

1899. 

Platl. 

;    PUtl. 

1 
QwxrU. 
6,766 

8,288  1 

Plat  2. 

iiuarU. 
2,1Mt 
1.776 

QntarU. 
2.292 
l.RM 

QuarU. 
6.216 
4,116 

1.212 

468 

-1.512  1 

2.1O0 

73H 
240  1 

M 
96 

2.592. 
3,896  1 

1,272 
1.656 

49H 

-12 

-    8(Mi 

9,024  ' 
9.732 

-W4 

7,.SHK 
(1. 13K 

3,708 
4.344 

H.74H 

l.4.'>0 

-636 

—    7(W  i 

3.012 

2.V2 

210  ! 

192 

l.'vW 
2,9ri2 

l.M»i 

42  ;        —120       —1,404         —1.344 


Avfnitjf  ijitlth  of  giHuvfH'rri^'M  /«/•  mrf  nu  nil  the  jUatu  for  1S98  ami  189U. 


VarlHy, 


DowiiiiiK: 
IHW  .. 

IMII9  . . 


lh*iH-i)<t 


Co)ulllhll^: 
1H9N... 
1»99... 


lsy»*-«i»» 


1H9H  ... 
IK99... 


IW»K-«»«J 


Trillin  pli: 
1H9S. 


i»#s-y.» 


IrriKHhMl. 


QHtirt*. 
2. 192 
f'l,  140 


TnliTi- 
KttU'd. 


QuarfK. 
l.tVK) 
ri.ri6H 


frfff 


<rHlu  from  irri- 


Quari*. 

552 

—    r>2K 


/Vr  mtt. 


19M        230   —   :« 
1.176  I     2,a82  !  —1,370  j 


1.391 


—  704 


IRRIGATIOK  OF  VARIOUS  CR0P8  BT  GEORGE  A.  MITCHELL, 

VIHELAHD,  K.  J. 

The  <roj)s  noted  Inflow  woiv  grown  with  and  without  irri^tion,  and 
sjH'ciiil  vwYv  wjis  UiktMi  to  tivat  the  irripited  and  nonirrij;^ated  plats 
exactly  alike.  The  soil  used  was  a  li^rht  sand,  and  though  naturally 
well  adiipted  to  the  growth  of  vegetable  erops,  was  defieient  in  ferti- 
izing  elements  and  was  in  ix)or  physical  condition.  It  was,  however, 
init'oriu  in  characti'r  and  well  suit4'd  to  the  purpose  of  testing  the 
advantage  of   an  abundant  water  supply,  since,  if  water  would  here 


»* 
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